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SUMMARY.
S eve ra l new re a c t io n s  o f t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io xa n  ( I )  
have been in v e s t ig a te d  and the  s tudy  o f s e v e ra l known re a c t io n s  
has been ex te n de d . The re a c t io n  between ( I )  and tr im e th y le n e  
g ly c o l ,  p re v io u s ly  th o u g h t to  y ie ld  the  c i s -  and t r a n s -  isom ers o f
2 ,3 -e th y le n e d io x y -1 , 4 -d io x e p in ,  has been found to  g ive  o n ly  one 
p ro d u c t, t h is  be ing  id e n t i f ie d  as b i - 1 , 3 -d io x a n -2 -y l,  w h ile  the  
re a c t io n  w ith  p ropane-1 , 3 - d i t h io l  has been found to  y ie ld  
b i - 1 , 3 - d i t h ia n - 2 - y l . The c o n fo rm a tio n  o f each o f these  m o lecu les  
to g e th e r  w ith  th a t  o f te trah yd rob e nzo jj^J  - j3 -d io x in o |l> , 3 -j^ j -jd-  
d io x in ,  and o f the  d im e th y l and d ie th y l  ( - ) - 1 ,4 ,5 ,8 - te t r a o x a d e c a l in -  
- 2 , 3 -d ic a rb o x y la te s  have been s tu d ie d .  A mechanism a c c o u n tin g  f o r  
the  fo rm a tio n  o f these  p ro d u c ts  has been d is c u s s e d .
I t  has proved p o s s ib le  to  s u b s t i tu te  the  c h lo r in e  atoms 
o f ( I )  w ith  s u lp h u r by u t i l i s i n g  i t s  re a c t io n  w ith  th io u re a  w hich 
g iv e s  _SS'- ( 1 ,4 - d io x a n - 2 ,3 - d iy l) d i th io u r o n iu m  d ic h lo r id e .  The 
c o n fo rm a tio n  o f t h is  m olecu le  has been d iscu ssed  and s e v e ra l 
re a c t io n s  o f  t h is  compound have been s tu d ie d  in  an a tte m p t to  
p repare  s e v e ra l new s u b s t i tu te d  1 ,4 -d io x a n s .
S u b s t i tu t io n  o f the  c h lo r in e  atoms o f ( I )  by n it ro g e n  has 
been ach ieved  by i t s  re a c t io n  w ith  JM -m ethy lto luene-j3 -su lphonam ide , 
b u t because the  d ioxan  d e r iv a t iv e  co u ld  n o t be p repared  in  la rg e  
amounts, f u r t h e r  re a c t io n s  were n o t s tu d ie d .
I t  has been found th a t  ( I )  undergoes no re a c t io n  w ith  
a n is o le ,  sodium o x a la te , sodium m alona te , po tass ium  th io c y a n a te  
o r sodium s u lp h i te .
The co n fo rm a tio n s  o f 2 -c h lo ro -1 , 4 -d io x e n e , 2 , 2 - d ic h lo r o -  
- 1 , 4 -d io x a n , 2 ,2 ,3 - t r ic h lo r o - 1 , 4 -d io x a n  and the  2 ,3 ,5 , 6 - t e t r a -
o oc h lo ro -1 , 4 -d io x a n s , m .p . 70 and m .p . 143 , have been s tu d ie d  
by n *m .r*  sp e c tro s c o p y , and the  re a c t io n s  between some o f these  
compounds and c o n c e n tra te d  s u lp h u r ic  a c id  have been in v e s t ig a te d *
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INTRODUCTION
C hapter 1 In t r o d u c t io n
P o ly c h lo r in a te d -1 , 4 -d io x a n s  and the  c h e m is try  o f t r a n s - 2 * 3 - d ic h lo r o -  
- 1 , 4 -d io x a n .
A re v ie w  o f the  c h e m is try  o f 1 , 4 -d io x a n  and i t s  d e r iv a t iv e s
appeared in  1956, t h i s  c o n ta in in g  many re fe re n c e s  to
t ra n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  ( I )  and to  p o ly c h lo r in a te d  d io xa n s *
T h is  in t r o d u c t io n  is  in te n d e d  to  supplem ent t h is  re v ie w  and to
c o r re la te  the  fu r t h e r  advances in  the  known c h e m is try  o f ( I ) *
2The c h lo r in a t io n  o f  1 , 4 -d io x a n  was f i r s t  re p o r te d  by 
BBeseken e_t a l .  who o b ta in e d  a p ro d u c t, b *p . 8 2 .4 ° / l4  mm* and 
m.p* 3 0°, w hich c o n ta in e d  two atoms o f c h lo r in e ,  a f t e r  c h lo r in a t io n  
f o r  s ix te e n  hours a t  9 0 ° . I t  was deduced th a t  the  c h lo r in e  atoms 
were in  the  2 - and 3 -  p o s it io n s  by h y d ro ly s is  to  g iv e  one 
m o le cu la r p ro p o r t io n  o f g ly o x a l,  id e n t i f ie d  and e s tim a te d  as the  
d in itro p h e n y lo s a z o n e *  The p o s i t io n  o f the  c h lo r in e  atoms has been
3
co n firm e d  by the  id e n t i f i c a t io n  o f e th y le n e  g ly c o l ,  as the
d ib e n zo a te , among the  p ro d u c ts  o f h y d ro ly s is *  The p ro p e r t ie s  o f
jc is - 2 ,3 - d ic h lo r o - 1 , 4 -d io xa n  have been compared w ith  those  o f the
4t ra n s -  isom er by Summerbell and Lunk* They a ls o  e s ta b lis h e d  the  
c o n f ig u ra t io n  o f the  t r a n s -  isom er, s in ce  r e la t iv e  to  the  c i s -  
isom er i t  had lo w e r b o i l in g  p o in t  and g re a te r  s t a b i l i t y *  They 
were a ls o  a b le  to  re s o lv e  the  t r a n s -  isom er k in e t i c a l l y  w ith  
b ru c in e *  I t  was a ls o  found  th a t  w h ile  b o th  isom ers gave the  same 
p ro d u c ts  on h y d r o ly s is ,  the  c is -  isom er was h y d ro ly s e d  fo u r te e n  
tim e s  fa s te r  than  the  t r a n s -  isom er* A 96% y ie ld  o f ( I )  has been 
o b ta in e d  by the  c h lo r in a t io n  o f 1 , 4 -d io xa n  a t  90° w ith  e i t h e r
s ta n n ic  c h lo r id e  o r io d in e  c h lo r id e  as c a ta ly s t .  I t  i s  a ls o
p o s s ib le  to  p repare  ( I )  by the  a c t io n ^  o f gaseous c h lo r in e  on
1 , 4 -d io x a n  vapour between 100° and 135° w ith  a c a ta ly s t  such as
a c t iv a te d  c h a rc o a l,  cuprous io d id e ,  antim ony te t r a c h lo r id e ,
phosphorus t r i c h lo r id e  o r phosphorus p e n ta c h lo r id e • O ther
p re p a ra tio n s  in v o lv e  the  tre a tm e n t o f an excess o f 1 , 4 -d io x a n
w ith  s u lp h u ry l c h lo r id e ^  a t  8 0 -9 0 ° , by the  tre a tm e n t o f  an excess
8 oo f 1 , 4 -d io x a n  vapour w ith  c h lo r in e  a t  135 , and by s a tu ra t io n  o f
a m ix tu re  o f g ly o x a l,  e th y le n e  g ly c o l and carbon te t r a c h lo r id e
9 ow ith  hydrogen c h lo r id e  a t  below  5 • A f te r  a l lo w in g  the  m ix tu re
to  s tand  a t  room tem pe ra tu re  more carbon te t r a c h lo r id e  is  added
and the  m ix tu re  aga in  s a tu ra te d  w ith  hydrogen c h lo r id e .  T h is  is
then  d i s t i l l e d  to  g iv e  ( I ) ,  b .p .  8 9 -9 5 ° /2 3  mm, A 68% y ie ld  may be 
10o b ta in e d  by the  dropw ise  a d d it io n  o f two m o le c u la r p ro p o r t io n s
o f s u lp h u ry l c h lo r id e  to  one m o le c u la r p ro p o r t io n  o f 1 , 4 -d io x a n ,
11The c o n fo rm a tio n  o f ( I )  has been in v e s t ig a te d  u s in g  d ip o le
moment, in f r a - r e d  and Raman s p e c t ra l d a ta , and t h is  has been fo l lo w e d  
1 2by a f u l l  c r y s ta l  s t r u c tu re  d e te rm in a t io n  w hich has been c a r r ie d  o u t
on t h is  compound a t  -1 4 5 ° . I t  has been shown to  c r y s t a l l i s e  in  the
m o n o c lin ic  system , space group P2/j / c ,  Z -  4 , w ith  u n i t  c e l l
d im ensions a = 7 .2 0 3 , b -  5 .7 0 4 , c = 15 .79  A, p  -  1 0 7 .3 ° .  The
d ioxan  r in g  has the  c h a ir  c o n fo rm a tio n  w ith  the  c h lo r in e  atoms
occupying  the  a x ia l  p o s i t io n s .
The s p e c tra l p ro p e r t ie s  o f ( I )  have been e x te n s iv e ly
in v e s t ig a te d .  The 40 MHz n .m . r .  spectrum  o f a benzene s o lu t io n  has 
13been re p o r te d .  The 60 MHz n .m . r .  spectrum  o f a carbon te t r a c h lo r id e
1 4s o lu t io n  has been re p o r te d  and the  chem ica l s h i f t s  and c o u p lin g  
c o n s ta n ts  ta b u la te d ,  the  c o n fo rm a tio n  o f the  m o lecu le  i s  then
10
d iscu ssed  w ith  re s p e c t to  these  p a ram e te rs . The 60 MHz n .m . r .
15spectrum  o f a d e u te r io c h lo ro fo rm  s o lu t io n  is  re p o r te d  and d iscu sse d , 
and from  t h is  i t  has been deduced th a t  the  c h lo r in e  atoms are  in  
t ra n s -  p o s it io n s  and th a t  the  d ioxan  r in g  is  in  e i t h e r  the  r i g i d  
c h a ir  c o n fo rm a tio n  o r in  the  r i g id  boa t c o n fo rm a tio n  ( I I ) .
C l
C l
( I I )
13The and C s a t e l l i t e  s p e c tra  have been
16in te r p r e te d  in  term s o f the  d ioxan  r in g  b e in g  deformed in  the  
l i q u id  phase, as a s o lu te ,  and in  the  s o l id  s ta te .  The in f r a - r e d
a b s o rp tio n  spectrum  o f ( I ) ,  as a potass ium  brom ide d is c ,  has been
15 4re p o r te d  and can be used to  de te rm ine  the  amounts o f the  c i s -  and
t ra n s -  isom ers in  a m ix tu re  o f the  tw o . The Raman spectrum  has
a ls o  been r e p o r t e d . ^
The f i r s t  re fe re n c e  to  the  f u r t h e r  c h lo r in a t io n  o f ( I )  i s
18 2 t h a t  o f Baker who, us in g  the  method d e s c r ib e d  by BBeseken ejb a l .
f o r  the  p re p a ra t io n  o f ( I ) ,  o b ta in e d  a c r y s t a l l in e  compound ( i )
m .p . 101°, a f t e r  d i s t i l l a t i o n  o f the  re a c t io n  m ix tu re .  T h is  compound
was shown to  be a 2 ,3 ,5 ,6 - te t r a c h lo r o - 1 , 4 -d io x a n  by h y d r o ly s is  to
g iv e  o n ly  g ly o x a l,  t h i s  be ing  id e n t i f ie d  as the  jD -n itro p h e n y lo sa zo n e  •
19T h is  compound has a ls o  been o b ta in e d  by the  low  tem pe ra tu re
c h lo r in a t io n  o f 1 , 4 -d io x a n . The c r y s ta l  s t r u c tu r e  o f t h i s  isom er has 
11been in v e s t ig a te d  and the  d im ensions o f the  u n i t  c e l l  a re  re p o r te d .  
C o n s id e ra tio n  o f the  n .m .r .  spectrum  o f t h i s  compound w h ich , in  
d e u te r io c h lo ro fo rm  s o lu t io n ,  shows o n ly  an u n s p l i t  s ig n a l a t  ^C 3 .8 9 ,
11
15has le d  C asp i e_t a l .  to  the  c o n c lu s io n  th a t  the  d io xan  r in g  is  in
the  c h a ir  c o n fo rm a tio n  and the p ro to n s  are e q u iv a le n t  and in
e q u a to r ia l p o s i t io n s ,  s in ce  the  s ig n a l is  a t  lo w e r f i e l d  than  are
the  co rre sp o n d in g  s ig n a ls  in  e i t h e r  c is -  o r t r a n s - 2 ,3 - d ic h lo r o -
20- 1 , 4 -d io x a n , F u r th e r  work on the  c r y s ta l  s t r u c tu re  c o n firm s  th a t  
the  d ioxan  r in g  is  in  the  c h a ir  c o n fo rm a tio n  w ith  the  c h lo r in e  
atoms in  a x ia l  p o s i t io n s .
C h lo r in a t io n  o f 1 , 4 -d io x a n  a t  90° f o r  tw e lve  hou rs  fo l lo w e d  
by fu r t h e r  c h lo r in a t io n  a t  135-140° f o r  tw e lve  hours gave fo u r  
compounds^ ( i i ) ,  b ,p ,  9 3 -9 5 ° / l1 -1 2  mm,, ( i i i ) ,  m .p , 5 7 -5 8 ° , ( i v ) ,  
m .p , 5 9 -6 0 ° , and ( v ) ,  m .p , 143 -144°, each o f which a na lysed  f o r  
te t r a c h lo ro d io x a n .  The s t ru c tu re s  were de te rm ined  by h y d r o ly s is  and 
the  id e n t i f i c a t io n  and e s t im a tio n  o f the  h y d ro ly s is  p ro d u c ts  as the  
jD -n itro p h e n y lo s a z o n e s . The l i q u id  ( i i )  and the  isom er ( i i i )  gave one 
e q u iv a le n t  o f g ly o x y l ic  a c id  and one e q u iv a le n t  o f g ly o x a l .  I t  was 
th e re fo re  suggested th a t  these isom ers had th re e  c h lo r in e  atoms on 
one s id e  o f the  r in g  and were s te re o is o m e rs  o f s t r u c tu re s  ( I I I )  
o r ( I V ) .
( I I I )  ( IV )
On h y d ro ly s is  one e q u iv a le n t  o f g l y c o l l i c  a ldehyde from  each 
o f these m o lecu les  would be expe c ted , however t h i s  i s  e a s i ly  c o n v e rte d  
in t o  g ly o x a l on tre a tm e n t w ith  jD -n itro p h e n y lh y d ra z in e • The o th e r  two 
compounds, ( i v )  and ( v ) ,  on h y d ro ly s is  gave two e q u iv a le n ts  o f 
g ly o x a l and were th e re fo re  id e n t i f ie d  as s y m m e tr ic a lly  s u b s t i tu te d
12
te t ra c h lo ro d io x a n s ,  and are  two o f the  f iv e  g e o m e tric  isom ers o f 
fo rm u la  (V ) .
C l C l
(V)
o 21C h lo r in a t io n  o f ( I )  f o r  tw e n ty  hours a t  115 le a d s  n o t o n ly  
to  isom ers ( i i )  and (v )  above, b u t to  a new s y m m e tr ic a lly  s u b s t i tu te d  
isom er ( v i ) ,  m .p. 7 0 ° . T h is  was a ga in  shown to  be s y m m e tr ic a lly  
s u b s t i tu te d  by h y d ro ly s is  and the  id e n t i f i c a t io n  o f g ly o x a l as the  
so le  h y d ro ly s is  p ro d u c t.
C h lo r in a t io n  o f 1 , 4 -d io xa n  f o r  s ix te e n  hours  a t  130 -150° a ls o
22le a d s  to  the  l i q u id  asym m etric  te t ra c h lo ro d io x a n  ( i i ) .  I f  however 
the c h lo r in a t io n  is  c o n tin u e d  f o r  tw e n ty - fo u r  h ou rs , re p e a te d  
f r a c t io n a t io n  does n o t g iv e  any f r a c t io n  w ith  a c o n s ta n t b o i l in g  
p o in t .  One f r a c t io n  however, has a c h lo r in e  c o n te n t s l i g h t l y  below  
th a t  expected  f o r  a h e x a ch lo ro d io xa n  w h ile  a n o th e r has a c h lo r in e  
c o n te n t c o n s is te n t  w ith  p e n ta c h lo ro d io x a n .
A f te r  c h lo r in a t io n  f o r  f i f t y  hours  a t  6 0 ° , h e x a c h lo ro d io x a n
( v i i i ) ,  m .p . 8 9 .5 -9 1 ° , was o b ta in e d  to g e th e r  w ith  a c r y s t a l l in e  
re s id u e  c o n s is t in g  o f m ixed c r y s ta ls  o f two compounds c o n ta in in g  
more c h lo r in e  than expected  f o r  h e x a c h lo ro d io x a n .
C h lo r in a t io n  o f ( I )  a t  145° u s in g  stannous c h lo r id e  as
5 oc a ta ly s t  g iv e s  the  fo l lo w in g  te t ra c h lo ro d io x a n s ,  ( i i ) ,  b .p .  9 6 / 1 4  mm.,
( i i i ) ,  m .p . 5 7 -5 8 ° , ( v ) ,  m .p . 1 43 °, and ( v i ) ,  m .p . 7 0 ° , a l l  o f w h ich
correspond  to  isom ers p re v io u s ly  d e s c r ib e d . The same p ro d u c ts  are
o b ta in e d  w ith  io d in e  m onoch lo ride  as c a ta ly s t .  The sym m e trica l
o 23te t ra c h lo ro d io x a n  ( v ) ,  m .p . 143-144 , may a ls o  be p repa red  by the
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a d d it io n  o f c h lo r in e  to  d io xa d ie n e  in  carbon te t r a c h lo r id e  s o lu t io n .
The te t ra c h lo ro d io x a n  may be deha logena ted , u s in g  a m ix tu re  o f 
magnesium and magnesium io d id e  in  d i- in -b u ty l e th e r  s o lv e n t ,  to  g iv e  
d io x a d ie n e .
23The a d d it io n  o f hydrogen c h lo r id e  to  d io xa d ie n e  in  carbon
te t r a c h lo r id e  g iv e s  r is e  to  2 ,5 - d ic h lo r o - 1 , 4 -d io xa n  ( i x ) ,  m .p . 1 1 8 -1 2 0 ° .
T h is  compound may a ls o  be p repa red  by the  c h lo r in a t io n  o f  1 , 4 -d io x a n
in  carbon te t r a c h lo r id e  s o lu t io n  a t  0 -1 8 °  f o r  f o r t y  h o u rs , o r by 
24 oc h lo r in a t io n  a t  -10  f o r  f i f t y  h o u rs . The c r y s ta l  s t r u c tu r e  o f t h i s
25compound has been in v e s t ig a te d  and shows the  c h lo r in e  atoms to  be 
t r a n s -  and d ia x ia l ,  w ith  the  d ioxan  r in g  in  the  c h a ir  c o n fo rm a tio n .
Slow c h lo r in a t io n  o f ( I )  a t  a ra te  o f c h lo r in e  in p u t  o f
260 .0010 -0 .0025  m o le /m in . u s in g  io d in e  as c a ta ly s t  g iv e s  a l i q u id  ( x ) ,
b .p .  204°/755 mm., to  which the  s t ru c tu re  o f 2 ,2 ,3 ,3 - te t r a c h lo r o - 1 , 4 -
-d io x a n  was ass igned  on the  b a s is  o f i t s  h y d ro ly s is  to  g iv e  e th y le n e
g ly c o l and o x a l ic  a c id .  A compound ( x i ) ,  m .p . 140°, has a ls o  been 
27prepared  and id e n t i f ie d  as 2 ,2 ,3 ,3 - te t r a c h lo r o - 1 , 4 -d io x a n . The 
s y n th e s is  o f t h is  compound was accom plished  by the  a d d it io n  o f 
c h lo r in e  to  2 -c h lo ro -1 , 4 -d ioxe n e  to  g iv e  2 ,2 ,3 - t r i c h lo r o - 1 , 4 -d io x a n , 
fo l lo w e d  by d eh yd ro h a lo g e n a tio n  o f  t h i s  w ith  sodium h y d ro x id e , and 
the  a d d it io n  o f c h lo r in e  to  the  2 ,3 - d ic h lo r o - 1 , 4 -d io xe n e  so p roduced .
The l i q u id  p re v io u s ly  d es ig n a te d  as 2 ,2 ,3 ,3 - te t r a c h lo r o - 1 , 4 -d io x a n  
was then  shown to  be ( 2 -c h lo ro e th o x y )d ic h lo ro a c e ty l c h lo r id e  ( V I ) .
X C1'
s A .
C l C l x 0
(V I)
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Low tem pe ra tu re  c h lo r in a t io n  o f 1 ,4 -d io xa n  g iv e s  2 ,5 - d ic h lo r o -
19- 1 , 4 -d io x a n  ( i x ) ,  b u t c o n tin u e d  c h lo r in a t io n  g iv e s  r is e  to  the
sym m e trica l te t ra c h lo ro d io x a n  ( i ) ,  m .p . 101°, two h e xa ch lo ro d io xa n s
( x i i ) ,  m .p . 9 2°, and ( x i i i ) ,  m .p . 9 4 °, two h e p ta c h lo ro d io x a n s  ( x i v ) ,
m .p . 5 6 ° , and ( x v ) ,  m .p . 123°, and o c ta c h lo ro d io x a n  ( x v i ) ,  m .p . 1 0 8 ° .
28C h lo r in a t io n  o f 1 , 4 -d io x a n  a ls o  g iv e s  r is e  to  a 
t r ic h lo r o d io x a n  ( x v i i ) ,  b .p .  8 0 ° / l2  mm., the  te t ra c h lo ro d io x a n  ( i ) ,  
m .p . 101°, the  two h e p ta c h lo ro d io x a n s  ( x i v ) ,  m .p . 5 6 ° , and ( x v ) ,  
m .p . 123°, and the  o c ta c h lo ro d io x a n  ( x v i ) ,  m .p . 1 0 8 °.
29C h lo r in a t io n  o f ( I )  w ith  s u lp h u ry l c h lo r id e  a t  r e f lu x  in  
the  presence o f d ib e n z o y l p e ro x id e  f o r  one hundred hou rs  g iv e s  a 
m ix tu re  o f t e t r a - ,  p e n ta - and h e x a -c h lo ro d io x a n s . The c o n s ta n t 
b o i l in g  f r a c t io n s  were o f b .p .  105 -107°/13  mm., b .p .  1 0 7 -1 1 0°/1 3  mm. 
c o n ta in in g  66.01% c h lo r in e ,  and o f b .p .  110 -125°/13  mm. c o n ta in in g  
65.77% c h lo r in e .
C h lo r in a t io n  o f ( I )  in  carbon te t r a c h lo r id e  s o lu t io n  between
o o  30-5  and 0 under u l t r a - v i o l e t  l i g h t  y ie ld s  2 , 3 , 5 - t r ic h lo r o - 1 , 4 -
-d io x a n  ( x v i i i ) ,  m .p . 4 1 ° , to g e th e r  w ith  the  sym- t e t r a c h lo r o - 1 , 4 -
-d io x a n  ( i ) ,  m .p . 1 0 1 ° . The s t ru c tu re  o f the  t r ic h lo r o d io x a n  was
proved by h y d r o ly s is .  A no the r 2 ,3 ,5 - t r i c h lo r o - 1 , 4 -d io x a n  ( x i x ) ,
m .p . 6 9 -7 0 °, can be p repared  by the  c h lo r in a t io n  o f c i s - 2 ,3 - d ic h lo r o -
- 1 , 4 -d io x a n  a t  -1 0 °  in  carbon te t r a c h lo r id e  s o lu t io n .  A no the r
t r ic h lo r o d io x a n  may be p repared  from  ( i )  by e l im in a t io n  o f hydrogen
c h lo r id e  fo llo w e d  by the  a d d it io n  o f c h lo r in e  to  the  r e s u l t in g
2 -c h lo ro -1 , 4 -d io x e n e , t h i s  be ing  2 ,2 ,3 - t r i c h lo r o - 1 , 4 -d io x a n  ( x x ) ,
m .p . 2 0 -2 1 ° .
The f i n a l  sym m e trica l te t ra c h lo ro d io x a n  ( x x i ) ,  m .p . 5 5 -5 6 ° ,
31has been p repared  by Bryan who showed th a t  when the  sym m e tric a l
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te t ra c h lo ro d io x a n  ( i ) ,  m .p , 101°, was heated to  180°, e i t h e r  a lone  
o r w ith  c a lc iu m  o x id e , i t  gave a compound w hich gave no g ly o x a l on 
h y d r o ly s is ,  b u t w h ich  had the  same c o m p o s itio n  as the  s t a r t in g  m a te r ia l .  
I t  was t e n t a t i v e ly  ass igned  the  s t ru c tu re  o f e i t h e r  2 ,2 ,5 ,5 -  o r
322 .2 .6 .6 - te t r a c h lo r o - 1 ,4 - d io x a n .  The same compound has been p repa red  
in  the  same way as above and a ls o  by h e a tin g  e i t h e r  o f the  
te tra c h lo ro d io x a n s  ( i ) ,  m .p . 101°, o r ( v ) ,  m .p . 143°, w ith  t h io n y l  
c h lo r id e  under r e f lu x .  The c h lo r in e  atoms were shown to  be in  the
2 .3 .5 .6 - p o s i t io n s  by m ild  b u t co n tin u o u s  h y d ro ly s is  w h ich  gave a
q u a n t i ta t iv e  y ie ld  o f g ly o x a l,  and a ls o  by the  p re p a ra t io n  o f
23d io xa d ie n e  as p re v io u s ly  d e s c r ib e d .
The h y d r o ly s is  o f ( I )  i s  r e a d i ly  accom plished  to  g iv e  g ly o x a l
3
and e th y le n e  g ly c o l b u t can a ls o  be made to  y ie ld  2 ,3 -d ih y d ro x y - 1 , 4 -
33-d io x a n , and can be used to  p ro v id e  a source o f g ly o x a l JLn s i t u ,
3
as in  the  fo rm a tio n  o f g ly c o u r i l  from  ( I )  and u re a .
t
The re a c t io n  between ( I )  and e th y le n e  g ly c o l has been in v e s t ig a te d '
and two p ro d u c ts , m .p . 133-136° and m .p . 109 -112°, is o la te d .  I t
was proposed th a t  these were the  c i s -  and t r a n s -  isom ers o f
1 ,4 , 5 , 8 - te t ra o x a d e c a lin  b u t no p ro o f o f s t r u c tu re  was g iv e n . In  l a t e r  
34w ork, on the  b a s is  o f d ip o le  moment measurements, the  h ig h e r 
m e lt in g  isom er was ass igned  the  t r a n s -  s t r u c tu re  and the  lo w e r m e lt in g
isom er the  c i s - .  The c r y s ta l  s t r u c tu re  o f the  isom er o f m .p . 109 -112°
35has been in v e s t ig a te d  and shows the  compound to  be u ne xp e c te d ly
b i - 1 ,3 - d io x o la n - 2 - y l . From the  appearance o f the  n .m . r .  spectrum  i t  
15has been argued th a t  the  r in g s  are  e i t h e r  e c lip s e d  o r r a p id ly  
r o ta t in g  about the  2 -2 ' ca rb on -ca rb on  bond. The c r y s ta l  s t r u c tu r e
o f the  m e rc u ric  c h lo r id e  a d d it io n  com plex w ith  the  isom er o f m .p . 136°
36has been in v e s t ig a te d  and from  t h is  i t  was conc luded  th a t
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the  r in g  ju n c t io n  was, as o r ig in a l l y  a ss ig ne d , t ra n s - . The n .m . r .
15spectrum  has a ls o  been examined and from  t h is  i t  has been
argued th a t  the  r in g  fu s io n  is  t r a n s -  and th a t  the  m o lecu le  e x is ts
37in  a r i g id  c o n fo rm a tio n . L a te r  work on the  n .m . r .  spectrum  has 
shown th a t  the  r in g  fu s io n  is  a c tu a l ly  c is - ,  t h i s  ass ignm ent be ing  
on the  b a s is  o f the  va lu e s  o f the  c o u p lin g  c o n s ta n ts  o f the  AA’ BB’ 
p a r t  o f the  sp ec tru m .
The re a c t io n  between ( I )  and t r im e th y le n e  g ly c o l has been
38 o oin v e s t ig a te d  and two p ro d u c ts , m .p . 158 and m .p. 109 .5-111  ,
o b ta in e d . These have been d e s ig n a te d  as the  c is -  and t r a n s -  isom ers
o f h exahyd ro -1 , 4 - d io x in o j2 ,3 - ^ j - 1 , 4 -d io x e p in  ( V I I )  on the  b a s is
o f ca rbon-hydrogen  ana lyse s  and m o le c u la r w e ig h t d e te rm in a t io n s .
( V I I )  ( V I I I )  ( IX )
39The re a c t io n  between ( I )  and 1 , 2 -e th a n e d ith io l was found
o n ly  to  y ie ld  one compound, m .p. 1 3 5 .5 ° , a n a ly s in g  f o r  C ^ H ^ S ^ .
The a l t e r n a t iv e  s t ru c tu re s  ( V I I I ) and ( IX )  were proposed, b u t no
method o f d i f f e r e n t ia t in g  between them was p u t fo rw a rd .  The
40c r y s ta l  s t r u c tu re  o f t h i s  compound has been in v e s t ig a te d  and 
shows the  s t r u c tu re  to  be ( IX ) ,  b i - 1 , 3 - d i t h io la n - 2 - y l ,  t h i s  
co rre sp o n d in g  to  the  lo w e r m e lt in g  isom er o b ta in e d  from  the  re a c t io n  
between ( I )  and e th y le n e  g ly c o l .
The re a c t io n  between ( I )  and p ro p a n e - 1 ,3 -d ith io l in
39 oanhydrous benzene le a d s  to  a compound, m .p . 140-141 , a n a ly s in g
f o r  CgH^S^,, f o r  w h ich , a g a in , two a l t e r n a t iv e  s t r u c tu r e s ,  (X ) and
( X I ) ,  were proposed w ith  no means o f d i f f e r e n t ia t in g  between them
be ing  g iv e n . The fused  b ic y c l ic  compound (X ) ,  h exahyd ro -1 , 4 -
- d i t h ie p in o  [2 ,3 -£ ]-1  , 4 - d i t h ie p in ,  has n o t been re p o r te d  in  the
l i t e r a t u r e ,  whereas the  o th e r compound ( X I ) ,  b i - 1 , 3 - d i t h ia n - 2 - y l ,
41is  known. I t  was f i r s t  re p o r te d  as the  p ro d u c t o f the  re a c t io n
(X) (X I)
between 2 - fo rm y l-1 , 3 - d i th ia n  and p ropane-1 , 3 - d i t h io l  in  benzene
s o lv e n t w ith  to lu e n e - jg -s u lp h o n ic  a c id  as c a ta ly s t .  I t  has m .p . 143-145
shows a b s o rp tio n s  in  the  in f r a - r e d  a b s o rp tio n  spectrum  (N u jo l
m u ll)  a t  1270, 1175, 905 and 736 cm. and the  fo l lo w in g  a b s o rp t io n s
in  the  n .m .r .  spectrum  (d e u te r io c h lo ro fo rm  s o lu t io n ) ,  'TS7.95, 4H,
m u l t ip le t ,  T  7 .0 6 , 8H, unsym. m u l t ip le t ,  and "C 5 .5 5 , 2H, s in g le t .
The s t ru c tu re  o f the  compound o b ta in e d  from  the  re a c t io n  between ( I )
and p ropane-1 , 3 - d i t h io l  has been p o s tu la te d  as b i - 1 , 3 - d i t h ia n - 2 - y l
42on the  b a s is  o f i t s  mass spec trum . The mass spectrum  o f t h i s
compound e x h ib i t s ,  in  a d d it io n  to  the  m o le c u la r io n  peak, i t s  base
peak a t  m/je 119, _ i.e .  M */2 ,  The a u th o rs  suggested th a t  the  presence
o f t h is  io n ,  due to  © c-c leavage , c le a r ly  e xc lu d e s  the  fuse d  b ic y c l i c
39s t r u c tu r e .  The re a c t io n  between ( I )  and to lu e n e - o < - th io l  was found
to  y ie ld  the  te t ra k is b e n z y lth io e th a n e  ( X I I ) ,  m .p . 6 7 -6 8 ° .
The re a c t io n  between ( I )  and c e r ta in  phosphorus c o n ta in in g
43d is u lp h id e s  can be used to  p repare  compounds w ith  some to x ic  
a c t io n  tow ards mammals and in s e c ts ,  in  w hich s u lp h u r i s  a tta c h e d  
d i r e c t l y  to  the  1 , 4 -d io xa n  n u c le u s , £ • £ .  ( 'D e ln a v ')
c
18
2 ,3 - b is (d ie th o x y p h o s p h in o th io y lth io ) -1 , 4 -d io xa n  ( X I I I )  •
(PhCH2S )2CH
(PhCH2S )2CH
>S.PS(O Et),
0 ^  S .PS(OEt),
( X I I )  ( X I I I )
The re a c t io n  between ( I )  and d ie th y l  ( + ) - t a r t r a t e  has been
o o  n  r -  ~ | o o  _
found  to  y ie ld  a compound, m .p . 9 3 ,3 -9 4 ,7  , c< -0 ,3 0  , to  w h ich  
the  s t ru c tu re  (X IV ) was ass igned  on the  b a s is  o f ca rbon -hyd rogen  
ana lyses  and m o le c u la r w e ig h t d e te rm in a t io n s .  T h is  work has been 
re p e a te d ^  and found to  g iv e  a p ro d u c t m .p , 93° b u t w ith  H d2 - 5 6 -4° -
C02E t
C02E t
(X IV )
The r in g  fu s io n  was shown to  be c is -  from  n .m .r ,  s tu d ie s ,  and the
chem ica l s h i f t s  o f the  p ro to n s , f o r  the  60 MHz spectrum  in
d e u te r io c h lo ro fo rm  s o lu t io n  a t  27°, a re  re p o r te d .  The c o rre s p o n d in g
d im e th y l e s te r ,  m .p . 73° and M 2 -6 5 .5 ° ,  was a ls o  re p o r te d  and
i t s  s t r u c tu re  d iscussed  w ith  re s p e c t to  i t s  100 MHz n .m . r .  spectrum
in  benzene s o lu t io n .  T h is  spectrum  was rep roduced  and the  chem ica l
s h i f t s  and c o u p lin g  c o n s ta n ts  re p o r te d .  These compounds are  o f
in t e r e s t  s in ce  they are  the  o n ly  1 ,4 -d io x a n s  so f a r  re p o r te d  w ith
c is -  s u b s t itu e n ts  and w ith  a r i g id  c o n fo rm a tio n .
22I t  has been found th a t  ( I )  does n o t re a c t  w ith  b o i l in g  
a c e t ic  a c id ,  u n less  a few drops o f c o n c e n tra te d  s u lp h u r ic  a c id  are  
added. The compound so produced, is  n o t the  d ia c e ta te  o f
19
1 , 4 -d io x a n  which can be c o n v e n ie n t ly  p repared  by the  a c t io n  o f
potass ium  a c e ta te  on ( I )  in  a s o lu t io n  o f a c e t ic  a c id .  The p ro d u c t
45has been id e n t i f ie d  as 2 -a c e to x y -3 -c h lo ro -1 , 4 -d io x a n  w hich
d is p ro p o r t io n a te s  to  g iv e  1 ,4 -d ioxanone  and a c e ty l c h lo r id e .  The
45re a c t io n  between ( I )  and fo rm ic  a c id  g iv e s  1 , 4 -d io xa n o n e , carbon
monoxide and hydrogen c h lo r id e .  The d ia c e ta te ,  m .p . 1 0 4 -1 0 5 .5 ° ,
22was ass igned  the  s t ru c tu re  (XV) on the  b a s is  o f ca rbon -hyd rogen  
a n a ly s e s . The n .m . r .  spectrum  o f t h i s  compound has been in v e s t ig a te d  
and i t  has been deduced from  the appearance o f the  spectrum  th a t
' 0 \ I } . C 0 C H 3 ✓ Q v  J3R
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'0 ' ‘0.C0CH„ \ Q - ^ 0 R3
(XV) (X V I)
the  m o lecu le  is  in  a r i g id  c o n fo rm a tio n  w ith  the  ace toxy  g roups
p ro b a b ly  in  d ia x ia l  p o s i t io n s .  The m a jo r a b s o rp tio n s  in  the
in f r a - r e d  spectrum  are  a ls o  re p o r te d .  The d ia c e ta te  has a ls o  been
p repa red^ by the  re a c t io n  between ( I )  and s i l v e r  a c e ta te .
Using a s im i la r  method to  th a t  employed f o r  the  p re p a ra t io n
o f the  d ia c e ta te ,  a s e r ie s  o f compounds o f  the  g e n e ra l fo rm u la  (X V I)
have been p re p a re d .
The re a c t io n  between ( I )  and a lk y l  G rig n a rd  re a g e n ts  le a d s
m a in ly  to  the  p ro d u c tio n  o f 1 , 4 -d io x e n e , w ith  s m a ll amounts o f
e th y le n e  and e thane , to g e th e r  w ith  sm a ll q u a n t i t ie s  (1 -5 $ ) o f
472 ,3 - d ia lk y l- 1 ,4 - d io x a n s .  I f  z in c  c h lo r id e  is  used as c a ta ly s t  the
y ie ld  o f d ia lk y ld io x a n  is  in c re a se d  to  a p p ro x im a te ly  30$, and i f
48cadmium c h lo r id e  i s  used even b e t te r  y ie ld s  a re  o b ta in e d . A ry l
G rig n a rd  re a ge n ts  g iv e  m ix tu re s  o f 2 ,3 - d ia r y l - 1 , 4 -d io x a n s  in  e x c e l le n t  
4 7  4 9
y ie ld s .  9 The c o n f ig u ra t io n  o f the  dom inant isom er was n o t
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in v e s t ig a te d  b u t la t e r  s tro n g  ev idence  f o r  the  t ra n s -  s t r u c tu r e  was 
50p re s e n te d . The re a c t io n  between phenylmagnesium brom ide and ( I )
g iv e s  a 60$ y ie ld  o f 2 ,3 -d ip h e n y l-1 , 4 -d io x a n , m .p. 4 9 ° . The s t r u c tu r e
was proved by c h lo r in a t io n  and h y d ro ly s is  o f t h i s  p ro d u c t to  y ie ld
21b e n z il  and g ly o x a l,  and by h y d ro g e n o ly s is  to  y ie ld  1 , 2 -d ip h e n y l-
51ethane and e th y le n e  g ly c o l .  The p re p a ra t io n  o f the  second isom er
o f 2 ,3 -d ip h e n y l-1 , 4 -d io x a n , m .p . 132°, has been d e s c r ib e d . ^  By
p o la r is a t io n  and p o la r i s a b i l i t y  measurements, to g e th e r  w ith  the
52n .m .r .  spectrum  i t  has been argued th a t  the  isom ers o f 2 ,3 -d ip h e n y l-  
- 1 , 4 -d io x a n  o f m .p . 46° and o f m .p . 132° are  c i s -  and t r a n s -
53r e s p e c t iv e ly .  T h is  however has been d is p u te d  by Summerbell e_t a l .
who, by p a r t i a l  r e s o lu t io n  o f 2 ,3 -b is (4 -c a rb o x y p h e n y l) - 1 , 4 -d io x a n ,
o b ta in e d  from  the  G rig n a rd  re a ge n t used in  the  p re p a ra t io n  o f the
isom er o f m .p . 4 6 °, showed] th a t  t h i s  isom er had the  t r a n s -  s t r u c tu r e ;  
15by C asp i ejb a l • who have shown u n e q u iv o c a lly ,  by means o f i t s
n .m .r .  spectrum  th a t  the  isom er o f m .p . 46° is  t ra n s - ;  and by A lto n a  
37and Havinga who have shown, from  i t s  n .m . r .  spectrum , th a t  the  
isom er o f m .p . 132° has the  c is -  c o n f ig u r a t io n .
P h e n y llith iu m  has been found  to  re a c t  w ith  ( I )  to  produce
542 -p h e n y l-1 , 4 -d io x e n e •
The re a c t io n  between two m o le c u la r p ro p o r t io n s  o f sodium
22e th o x id e  and one m o le c u la r p ro p o r t io n  o f ( I )  in  a lc o h o l ic  s o lu t io n  
y ie ld s  2 ,3 -d ie th o x y -1 , 4 -d io x a n , b .p .  9 6 -9 7 ° / l5  mm. T h is  has been
3
im proved by the  s u b s t i t u t io n  o f a b s o lu te  a lc o h o l f o r  sodium e th o x id e .
I f  ( I )  i s  hea ted  to  180° w ith  an excess o f f r e s h ly  d i s t i l l e d
N IM -d im e th y la n ilin e , hydrogen c h lo r id e  is  e lim in a te d  and 2 - c h lo r o - 1 , 4 -
4
-d io xe n e  is  fo rm ed .
A m ix tu re  o f magnesium and magnesium io d id e  in  d ry  e th e r
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55deha logenates  ( I )  to  g iv e  1 , 4 -d io x e n e .
The re a c t io n  between ( I )  and sodium io d id e  in  b o i l in g  acetone
le a d s  to  the  l ib e r a t io n  o f io d in e  and the p r e c ip i t a t io n  o f sodium
c h lo r id e .  I t  i s  suggested th a t  1 , 4 -d ioxene  may be fo rm e d . The re a c t io n
o f l i g h t  m e ta ls  w ith  ( I )  in  s o lu t io n s  o f h ig h  b o i l in g  s o lv e n ts  le a d s
22to  the  m eta l becoming coa ted  w ith  a b la c k  t a r ,  i t  is  suggested  th a t  
t h i s  is  due to  p o ly m e r is a t io n  o f 1 , 4 -d ioxe n e  which p re v e n ts  f u r t h e r  
r e a c t io n .
56I t  i s  found  th a t  ( I )  d is s o lv e s  in  c o n c e n tra te d  s u lp h u r ic  
a c id  to  g iv e  a c r y s t a l l in e  m a te r ia l,  m .p . 143 -144°, to  w hich the  
a l t e r n a t iv e  s t ru c tu re s  (X V II)  and ( X V I I I )  have been a s s ig n e d . F u r th e r
C l
C l
C l• ° \ x Q
o / ^ c iX C lC lX X ■ClC l
(X V II) ( X V I I I )
57 58work * has shown th a t  t h i s  m a te r ia l c o n s is ts  o f a t  le a s t  two 
d ia s te re o is o m e r ic  fo rm s o f 4 ,5 ,4 ’ , 5 ' - t e t r a c h lo r o b i - 1 , 3 -d io x o la n - 2 - y l
( X V I I I ) .  '
The re a c t io n  between ( I )  and c a te c h o l (^o -d ihydroxybenzene) in
22 ob o i l in g  xy lene  y ie ld s  a compound, m .p. 74-76 , to  w h ich  the  s t r u c tu r e
(X IX ) was ass igned  on the  b a s is  o f ca rbon -hyd rogen  a n a lyse s  and 
m o le cu la r w e ig h t d e te rm in a t io n s .
/ ° \ ^ och2 . c 6h5
0CH_.C Hz DO
(X IX ) (XX)
The re a c t io n  between ( i )  and ben zy l a lc o h o l y ie ld s  a compound, 
m .p . 6 6 -6 8 ° , to  which the  s t ru c tu re  (XX) was a ss ig ne d , aga in  o n ly  
on the  b a s is  o f ca rbon -hyd rogen  ana lyses  and m o le c u la r w e ig h t 
d e te rm in a t io n s .
Thermal rea rrangem ent o f ( I )  to  g iv e  bo th  1 , 2 -d ic h lo ro e th a n e
59and g ly o x a l has been d e te c te d  b u t the  e x te n t  o f the  rea rrangem ent 
is  s m a ll,  in  f a c t  le s s  than  one hundred p .p .m .
59The re a c t io n  between amides and ( I )  has been in v e s t ig a te d .  
Benzamide is  deh yd ra te d , the  p ro d u c ts  be ing  b e n z o n i t r i le  and a l i t t l e  
benzo ic  a c id ,  w h ile  the  re a c t io n  w ith  a c e ta n i l id e  was found  to  g iv e  
le s s  than  5% o f a c e t ic  a c id  and a c e t o n i t r i le ,  the  main p ro d u c t 
be ing  2 -c h lo ro e th y l a c e ta te .  A s im i la r  r e s u l t  was o b ta in e d  w ith  
_ o -h y d ro x y a c e ta n ilid e  •
59Tars were o b ta in e d  w ith  J\IN ’ -d ip h e n y lu re a , u re a , _o-phenylene- 
d ia m in e , jD -h y d ro x y a n ilin e  and 1 ,3 -d ih y d ro x y a c e to n e . In  the  l a s t  fo u r  
cases the  o n ly  re c o g n is a b le  p ro d u c t is o la te d  was 1 ,4 , 5 ,8 - te t r a o x a -  
d e c a lin ,  a lb e i t  in  ve ry  sm a ll y ie ld .
The re a c t io n  between ( I )  and N _ -m e thy lan iline  a t  e le v a te d  
tem pe ra tu res  le a d s ^  to  la rg e  amounts o f b la c k  in t r a c ta b le  m a te r ia ls ,  
w h ile  a t  room tem pe ra tu re  in  e th a n o lic  s o lu t io n  the  o n ly  p ro d u c t 
is o la te d  was _ N -m e th y la n ilin e  h y d ro c h lo r id e .
W ith  cyc lo h exy la m ine  in  e th a n o l a t  room te m p e ra tu re ^^  the
p ro d u c t i s  sym-b is c y c lo h e x y lim in o e th a n e , w h ile  w ith  e th y le n e d ia m in e
the  p ro d u c t i s  decah yd rop yra z in o  |2 ,3-jfJ p y ra z in e  •
61I t  has been found th a t  the  re a c t io n  between ( I )  and 
te t ra h y d ro fu ra n  causes c leavage o f the  fu ra n  r in g  to  g iv e  a 43% 
y ie ld  o f 2 ,3 - d i( 4 '- c h lo r o b u to x y ) - 1 , 4 -d io x a n . T h is  can a ls o  be 
o b ta in e d  from  the  re a c t io n  between ( I )  and 4 -c h lo ro b u ta n o l in  benzene
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W h ils t  a tte m p tin g  to  p repare  2 ,3 -d ic y a n o -1 , 4 -d io x a n  i t  has
6 2been found  th a t  ( I )  does n o t re a c t  w ith
( i )  po tass ium  cyan ide  a lo n e , o r in  a v a r ie ty  o f s o lv e n ts  a t  
t h e i r  b o i l in g  p o in ts ,  o r under p re s s u re ,
( i i )  w ith  hydrogen cyan ide  in  e th e r  o r p y r id in e ,  o r
( i i i )  m e rc u r ic , le a d , s i l v e r  o r cuprous cya n ide s  under 
v a r io u s  c o n d it io n s *
I t  has been found th a t  ( I )  does n o t re a c t  w ith  po tass ium
p h th a lim id e ^ 0 in  d im e thy lfo rm am ide  a t  9 0 °, o r w ith  d ie th y l  
59m a lona te , w h ile  re a c t io n  w ith  the  so d io  d e r iv a t iv e  o f the  e s te r  
le a d s  to  re g e n e ra tio n  o f the  e s te r  i t s e l f *  .
DISCUSSION
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C hapte r 2 D is c u s s io n
B i- 1 ,3 -d io x a n - 2- y l  and b i - 1 , 3- d i t h ia n - 2 - y l .
The re a c t io n  between J ^ ra n s -2 ,3 -d ic h lo ro -1 , 4 -d io x a n  ( I )  and
38tr im e th y le n e  g ly c o l was f i r s t l y  in v e s t ig a te d  by BBeseken ejb a l . ,  
who is o la te d  two p ro d u c ts , m .p . 1 0 9 ,5 -1 1 1 ° and m .p. 158°, w hich 
were d e s ig n a te d  as the  c is -  and t r a n s -  isom ers o f h exa h yd ro -1 , 4 -  
-d io x in o  [2 ,3 -b ] - 1 , 4 -d io x e p in  ( V I I )  on the  b a s is  o f ca rbon -hyd rogen  
ana lyses  and m o le cu la r w e ig h t d e te rm in a t io n s .  T h e ir  r e s u l t s  a re  
summarised be low .
Isom er C7H12°4
m .p. 1 0 9 .5 -1 1 1 ° m.p . 158° re q u ire s
Carbon % 52.7 53.1 51 .9 52.3 52 .5
Hydrogen % 7 .5 7 .7 7 .5 7 .4 7 .5
(Yl.  W .  (method o f 
R ast)
158 162 157 166 160
Our in te r e s t was in the  fu s io n  a t the r in g ju n c t io n s ,  and
u s in g  p u r i f ie d  ( I )  under the  c o n d it io n s  employed by BBeseken were
a b le  to  is o la te  o n ly  one p ro d u c t, m .p , 1 5 8 °. E le m e n ta l a n a ly s is
showed t h i s  to  have an e m p ir ic a l fo rm u la  o f C ^H ,.^* w h ile  the  low
re s o lu t io n  mass spectrum  showed i t  to  have a m o le c u la r w e ig h t o f
174, the  m o le cu la r fo rm u la  th e re fo re  be ing  C - H . ,0 . ,  Two s t ru c tu re sa 8 14 4
(X X I) (X X II)
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seem reasonab le  f o r  t h i s  p ro d u c t, these  be ing  b i - 1 , 3 -d io x a n -2 -y l (X X I) 
and 2 ,3 - tr im e th y le n e d io x y -1 ,4 -d io x e p a n  ( X X I I ) .  On the  b a s is  o f the  
n .m . r .  spectrum  i t  can be shown th a t  t h i s  compound is  in  f a c t  (X X I)*  
The mass spectrum  a lone  does n o t fu r n is h  unambiguous ass ignm ent 
o f s t r u c tu r e ,  a lth o u g h , s in c e  the  base peak is  a t  m/e. 87, jL *e* M .W ./2 , 
and the  o n ly  io n s  between t h i s  and the  (jM -  1 ) peak have r e la t iv e  
abundances o f le s s  than  5%, s t r u c tu re  (X X I) is  in d ic a te d *  I t  i s ,  
however, p o s s ib le  to  d e r iv e  the  io n  o f n /e  87 from  the  fuse d  
b ic y c l ic  s t r u c tu r e .
A f i r s t - o r d e r  a n a ly s is  o f the  100 MHz n .m .r*  s p e c tra , in  b o th  
benzene and carbon te t r a c h lo r id e  s o lu t io n s ,  i s  p o s s ib le  b u t more 
a ccu ra te  va lu e s  f o r  the  s p e c t ra l param eters  were o b ta in e d  by a 
com puter a n a ly s is  (see C hapte r 3 ) ,  these  va lu e s  be ing  rep roduced  
below *
Benzene Carbon
s o lu t io n  te t r a c h lo r id e
s o lu t io n
X
5.35 5 .8 0
X = X
6.21 5 .9 4
l h 4a 6a
6 .6 9 6 .3 2
X
8.21 7 .93
X
9.41 8 .7 2
—4a4e ~ —6a6e -11 .66 Hz -11 .61 Hz
“ 4a5a ~ —6a5a 12.27 Hz 12.22 Hz
—4a5e ~ ~6a5e 2.32 Hz 2.24 Hz
” 4e5a ”  —6e5a 5 .00 Hz 5 .1 9 Hz
~4e5e “  —6e5e 1 .27 Hz 1 .19 Hz
-5 e 5a -1 3 .1 5 Hz -1 3 .0 7 Hz
These f ig u r e s  show th a t  the  c o n fo rm a tio n  is  th a t  o f a r i g i d
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c h a ir  w ith  the  s u b s t itu e n ts  on C-2 in  the  e q u a to r ia l p o s i t io n s ,  in
b o th  s o lv e n ts ,  and s in ce  the  va lu es  o f the  c o u p lin g  c o n s ta n ts  compare
63w e ll w ith  the  average va lu e s  f o r  a lk y l - 1 , 3 -d io x a n s , the  degree o f
d is t o r t io n  is  s m a ll.  These d ed u c tio n s  are  in  agreem ent w ith  those 
64from  p re v io u s  work w hich has shown th a t  2 - a lk y l - 1 , 3 -d io x a n s  e x is t
to  a t  le a s t  95% in  the  c o n fo rm a tio n  w ith  the  s u b s t i tu e n t  in  the
e q u a to r ia l p o s i t io n .  S o lv e n t s h i f t s  f o r  2 - s u b s t i tu te d - 1 , 3 -d io x a n s  
64have been s tu d ie d  and the  va lu e s  ta b u la te d  compare w e ll w ith  
those  observed f o r  b i - 1 , 3 -d io x a n -2 -y l,  e xce p t in  the  case o f jthe 
2 - a x ia l  p ro to n , the  observed s o lv e n t induced s h i f t  be ing  much 
g re a te r  than  th a t  re p o r te d .  I f  the  s o lv e n t m o lecu les  a re  lo c a te d  as 
has been p o s tu la te d  the  2 - a x ia l  p ro to n s  o f each r in g  l i e  in  the  
d e s h ie ld in g  cone o f the  benzene m o lecu le  lo c a te d  above the  a d ja c e n t 
r in g ,  t h i s  caus ing  them to  resona te  a t  lo w e r f i e l d .
Long range c o u p lin g  was e v id e n t in  the  b roaden ing  o f s ig n a ls ,  
t h is  be ing  f u r th e r  ev idence  f o r  the  r i g i d  s t r u c tu r e .
The fra g m e n ta tio n  p a t te rn  in  the  low  re s o lu t io n  mass spectrum  
p ro v id e s  good c o n f irm a to ry  ev idence  th a t  the  b id io x a n y l s t r u c tu r e  
o b ta in s ,  b u t as has been p o in te d  o u t, i t  i s  n o t s u f f i c i e n t  to  
p ro v id e  independent p ro o f o f s t r u c tu r e .  Thus the  base peak is  a t  
m/je 87 and o b v io u s ly  t h is  would be the  expected  base peak from  (X X I) 
in v o lv in g  a s in g le  s c is s io n .  C le a r ly  to  o b ta in  an io n  o f m/e 87 
from  s t ru c tu re  (X X II)  re q u ire s  s c is s io n  o f a t  le a s t  th re e  bonds 
w ith  re a rra n g e m e n t. There a re  f iv e  peaks o n ly  above m/e 87 and below  
m/e 173, a l l  from  io n s  o f abundance le s s  than  5% o f th a t  o f the  base 
peak io n .  The s im p le s t p rocess th a t  would accoun t f o r  these  io n s ,  
from  e i t h e r  o f the  s t ru c tu re s  (X X I) o r ( X X I I ) ,  in v o lv e  doub le  
s c is s io n  f o r  each . S eve ra l m e tas ta b le  io n  peaks are  observed and
these  enab le  a fra g m e n ta tio n  scheme to  be drawn up (Scheme 1 ) ,  
Scheme 1 .  P o s tu la te d  fra g m e n ta tio n  o f io n s  from  b i- 1 ,3 - d io x a n - 2 - y l .
+
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The unambiguous s y n th e s is  o f b i - 1 , 3 -d io x a n -2 -y l has been
65 ore p o r te d , the  p ro d u c t hav ing  m*p, 159-160 .
I t  seemed in te r e s t in g  now to  in v e s t ig a te  the  re a c t io n  between
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( I )  and the  s u lp h u r c o n ta in in g  compound ana logous to  th a t  used
p re v io u s ly ,  p ropane-1 , 3 - d i t h i o l . T h is  re a c t io n  has been
39 oin v e s t ig a te d  and a p ro d u c t, m .p , 140-141 , a n a ly s in g  f o r  CgH
is o la te d .  Two p o s s ib le  s t r u c tu re s ,  (X ) and ( X I ) ,  were p u t fo rw a rd
b u t no f u r t h e r  d e d u c tio n s  were made*
42The mass spectrum  o f t h i s  compound has been in v e s t ig a te d
and from  t h is  the  s t r u c tu re  was deduced to  be ( X I ) ,  from  the  f a c t
th a t  the  base peak is  a t  n/je 119, t h i s  co rre sp o n d in g  to  s im p le
s c is s io n .  As in  the  p re v io u s  case t h is  does n o t p ro v id e  c o n c lu s iv e
p ro o f o f s t r u c tu re  f o r  t h i s  io n  c o u ld  a r is e  from  (X )*  The 60 MHz
n .m .r .  spectrum  o f t h i s  compound in  d e u te r io c h lo ro fa rm  s o lu t io n
shows two complex s ig n a ls ,  th a t  a t  lo w e r f i e l d  c o rre sp o n d in g  to
e ig h t  p ro to n s  and th a t  a t  h ig h e r f i e l d  to  fo u r ,  to g e th e r  w ith  a
low  f i e l d  s in g le t  co rre sp o n d in g  to  two p ro to n s . T h is  spectrum  is
41id e n t ic a l  to  th a t  re p o r te d  f o r  an a u th e n t ic  sample o f
b i - 1 , 3 - d i t h ia n - 2 - y l  p repared  from  the  re a c t io n  between 2 - fo r m y l-1 , 3 -
- d i t h ia n  and p ropane-1 , 3 - d i t h i o l . T h is  c o n firm s  the  s t r u c tu r e  to  be
(X I )  and a r ig o ro u s  a n a ly s is  o f the  n .m . r .  spectrum  was a tte m p ted
in  o rd e r to  a s c e r ta in  the  c o n fo rm a tio n  o f t h is  m o le cu le , as was
done w ith  b i - 1 , 3 - d io x a n - 2 - y l• I t  i s  n o t p o s s ib le  to  a na lyse  the
60 MHz spectrum  s in ce  i t  d e p a rts  g r e a t ly  from  f i r s t - o r d e r  and i t
was th e re fo re  necessary to  use a sp e c tro m e te r w ith  h ig h e r
o p e ra tin g  fre q u e n c y , in  t h i s  case 220 MHz, to  e f f e c t  s im p l i f i c a t io n .
A c o m p le te ly  f i r s t - o r d e r  spectrum  was s t i l l  n o t o b ta in e d  and a
com puter a n a ly s is  o f t h i s  spectrum  was undertaken  (see C hapte r 3 ) .
The n .m . r .  s p e c tra  o f 1 ,3 - d i th ia n s  have n o t been in v e s t ig a te d
66 67e x te n s iv e ly  and th e re  is  l i t t l e  chem ica l s h i f t  da ta  a v a i la b le ,  9 
a lth o u g h  from  t h is  i t  i s  p o s s ib le  to  conc lude  th a t  the  p ro to n
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a tta c h e d  to  C-2 is  in  the  a x ia l  p o s i t io n .  I t  i s  a ls o  p o s s ib le  to  
o b ta in  ranges o f va lu e s  expected  f o r  the  c o u p lin g  c o n s ta n ts 88* 8^ 
and these are reproduced be low .
“ 4a4e ~6a6e -1 3 .0 to -1 3 .8 Hz
—4a5a —6a5a 9 .2 to 12 .0 Hz
—4a5e ~6a5e 1 .3 to 4 .2 Hz
—4e5a = —6e5a 3 .5 to 4 .2 Hz
—4e5e = —6e5e 3.1 to 5.1 Hz
No va lu e s  are  a v a i la b le  f o r  J.5a5e> the  m a jo r i ty  o f the  compounds 
s tu d ie d  by these  a u th o rs  hav ing  a s u b s t i tu e n t  on C -5 . A com parison 
o f the  va lu e s  o b ta in e d  fro m  the  com puter a n a ly s is  o f the  spectrum  
w ith  these average va lu e s  enab les  the  fo l lo w in g  ass ignm ents to  be 
made •
5 .44
2a
= ' c Hfi 7 - ° °4e 6e
X H = 7.01
4a 6a
r H 7 .8 4
5e
!5a
8-05
—4a4e = —6a6e -1 3 .4 Hz
—4a5a “  ~6a5a 10.22 Hz
—4a5e “  —6a5e 1 .30 Hz
—4e5a ~ —6e5a 4.90 Hz
—4e5e “  ” 6e5e 6 .04 Hz
—5e5a -1 4 .5 4 Hz
I f  these va lu e s  a re  compared w ith  those  o b ta in e d  p re v io u s ly ,  gB 
is  found to  be s l i g h t l y  h ig h e r than  expected  w h ile  J.^age ar,d —4a5a 
are  a t  the  low  end o f t h e i r  re s p e c t iv e  ra n g e s . These v a lu e s  can be
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70e x p la in e d  by use e f the  K a rp lu s  e q u a tio n , in  term s o f  f la t t e n in g  
o f the  r in g .  T h is  f la t t e n in g  o f  the  m o lecu le  however, would cause 
the  va lu e  o f  J.^ega to  be decreased from  th a t  expected  in  the  
u n d is to r te d  m o le cu le , and t h i s  va lu e  o f 4 .90  Hz i s  th e re fo re  
c o n s id e ra b ly  g re a te r  than  would be expected  from  p re v io u s  r e s u l t s .  
S e ve ra l t r i a l  com puter c a lc u la t io n s  were c a r r ie d  o u t show ing th a t  
a lth o u g h  th e  va lu e  o f  t h i s  c o u p lin g  c o n s ta n t may be decreased 
s l i g h t l y  w ith o u t a f f e c t in g  the  appearance o f the  spectrum , i f  the  
va lue  dropped below abou t 4 .3  Hz the  d if fe re n c e s  in  the  l in e  p o s i t io n s  
became s u f f i c i e n t l y  la rg e  f o r  the  spectrum  to  d i f f e r  c o n s id e ra b ly  
from  th a t  obse rved .
I t  i s  a ls o  in te r e s t in g  to  no te  th a t  the  4 -e q u a to r ia l p ro to n s
resona te  a t  h ig h e r f i e l d  than  do the  co rre sp o n d in g  a x ia l  p ro to n s , t h i s
68be ing  c o n tra ry  to  the  f in d in g s  o f Abraham and Thomas, a lth o u g h  the  
compounds s tu d ie d  by these  a u th o rs  a l l  had oxygen c o n ta in in g  
s u b s t itu e n ts  on C -5 , and in  the  case o f b i - 1 , 3 - d i t h ia n - 2 - y l ,  in  
which th e  chem ica l s h i f t s  d i f f e r  by o n ly  0.01 p .p .m .,  i t  i s  d i f f i c u l t  
to  see w hether t h i s  d if fe re n c e  i s  m e a n in g fu l.
I f  we now compare the  param eters  o b ta in e d  f o r  th e  ana logous 
oxygen and s u lp h u r c o n ta in in g  compounds, the  v a r ia t io n  in  gem ina l 
c o u p lin g  c o n s ta n t can be e x p la in e d  in  te rm s o f  the  p ro x im ity  o f 
e le c tro n e g a t iv e  s u b s t i tu e n ts ,  the  tendency b e ing  f o r  an in c re a s e  in
71
e le c t r o n e g a t iv i t y  to  in c re a s e  a lg e b r a ic a l ly  the  va lue  o f  J • The“ gem
va lu e s  o f the  re m a in in g  c o u p lin g  c o n s ta n ts  show th a t  the  d is t o r t io n  
o f the  s u lp h u r c o n ta in in g  compound i s  c o n s id e ra b ly  g re a te r  than  
in  the  oxygen ana logue , the  va lu e s  o f the  v ic in a l  c o u p lin g  c o n s ta n ts  
be ing  m a in ly  dependent on the  d ih e d ra l a n g le s . In  b o th  compounds 
the  4 -e q u a to r ia l p ro to n s  resona te  a t  lo w e r f i e l d  than  t h e i r  a x ia l
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c o u n te rp a r ts ,  however in  the  oxygen analogue the  5 - a x ia l  p ro to n
re so n a te s  a t  lo w e r f i e l d  than  does the  5 -e q u a to r ia l p ro to n , whereas
in  the  s u lp h u r c o n ta in in g  compound the  re ve rse  is  the  ca se . In
cyclohexane the  a x ia l  p ro to n s  re so na te  a t  h ig h e r f i e l d  than  t h e i r
e q u a to r ia l c o u n te rp a r ts ,  and in  th e  case o f 1 , 3 -d io x a n s  the  change
72in  o rd e r o f chem ica l s h i f t s  i s  e x p la in e d  in  term s o f an in te r a c t io n
between the  5 -e q u a to r ia l p ro to n  and the  p - o r b i t a l  o f the  oxygen
atom caus ing  t h i s  p ro to n  to  be p r e fe r e n t ia l ly  s h ie ld e d .  I t  has been 
73p o in te d  o u t th a t  t h i s  is  n o t the  com plete  e x p la n a tio n  s in c e  
f u r th e r  in v e s t ig a t io n s  showed th a t  r e la t iv e  to  a r in g  m ethylene 
group a r in g  oxygen atom causes d e s h ie ld in g  o f an a x ia l  p ro to n  
in  the  - p o s i t io n  in  a d d it io n  to  s h ie ld in g  o f the  e q u a to r ia l 
^ - p r o t o n .  No co rre sp o n d in g  in v e s t ig a t io n s  have been c a r r ie d  o u t 
w ith  a r in g  s u lp h u r atom, b u t in  the  case o f b i - 1 , 3 - d i t h ia n - 2 - y l  
these  in te r a c t io n s  are  n o t s u f f i c i e n t  to  cause the  5 -e q u a to r ia l  
p ro to n  to  resona te  a t  h ig h e r f i e l d  than  i t s  a x ia l  c o u n te rp a r t .
The mass spectrum  o f b i - 1 , 3 - d i t h ia n - 2 - y l  shows s e v e ra l 
m e tas ta b le  io n  peaks and shows many fra gm en t io n s  ana logous to  
those  o b ta in e d  from  b i - 1 , 3 -d io x a n -2 -y l,  these e n a b lin g  a 
breakdown scheme to  be env isaged (Scheme 2 ) ,  The main d i f fe re n c e  
between the  mass s p e c tra  o f the  ana logous oxygen and s u lp h u r 
c o n ta in in g  compounds a re  the  absence o f the  in te n s e  (M -  1) io n  
peak and the  in c re a se d  abundance o f the  m o le c u la r io n  peak in  the  
mass spectrum  o f  b i - 1 , 3 - d i t h ia n - 2 - y l ,  the  l a t t e r  be ing  an expec ted  
d if fe re n c e  between the  mass s p e c tra  o f ana logous oxygen and 
s u lp h u r c o n ta in in g  compounds.
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Scheme 2 . P o s tu la te d  fra g m e n ta tio n  o f io n s  from  b i - 1 , 3 - d i t h ia n - 2 - y l •
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+
nj/j3 59 
A
A
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ch3s \ --------  —  c 2h5s
jrj/e  47 n /e  61
m/e 119 (B )
I t
2
j i / e  46
 S+
js /e  73
m* CHS
jtj/ jb 45
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Hexahydro- 1 , 4 - jd io x in o  |2 ,3 -b j - 1 , 4- d io x e p in .
The re a c t io n  between ( I )  and tr im e th y le n e  g ly c o l ,  u s in g  the  
38method o f  BBeseken, hav ing  been found  to  y ie ld ,  a t  our hands,
o n ly  b i- 1 ,3 - d io x a n - 2 - y l ,  i t  was necessary to  u t i l i s e  a n o th e r re a c t io n
f o r  the  p re p a ra t io n  o f h e x a h y d ro -1 ,4 -d io x in o [2 ,3 -^ J -1 ,4 -d io x e p in  ( V I I ) *
The re a c t io n  between ( I )  and e th y le n e  g ly c o l is  known to  g iv e  two
2 o op ro d u c ts , m .p . 133-136 and m .p . 109-112 , w hich have been shown
to  be c is -h e x a h y d ro -1 ,4 -d io x in o  |2 ,3 -b J -1 »4 - d io x in ^  and
35b i- 1 ,3 - d io x o la n - 2 - y l  r e s p e c t iv e ly .  The fu se d  b ic y c l i c  compound has 
65a ls o  been p repared  by the  re a c t io n  between e th y le n e  g ly c o l and the  
p y r id in iu m  d e r iv a t iv e  o f  ( I ) .  A tte m p ts  have been made to  adap t t h i s  
re a c t io n  f o r  the  p re p a ra t io n  o f ( V I I ) b u t w ith  no success . In  the  
f i r s t  a tte m p t the  c o n d it io n s  o r ig in a l l y  used were d u p lic a te d  e xce p t 
th a t  a h ig h e r  tem pe ra tu re  was re q u ire d  to  i n i t i a t e  th e  re a c t io n ,  
the  o n ly  m a te r ia l th a t  c o u ld  be is o la te d  was aga in  b i - 1 , 3 - d io x a n - 2 - y l ,  
in  ve ry  s m a ll y ie ld .  The a tte m p ted  p re p a ra t io n s  o f ( V I I ) have a l l  
in v o lv e d  re a c t io n s  a t  e le v a te d  te m p e ra tu re s , these  r e s u l t in g  in  
b id io x a n y l as the  p ro d u c t, and i t  i s  p o s s ib le  th a t  a t  e le v a te d  
te m p e ra tu re s  t h i s  i s  the  e n e r g e t ic a l ly  fa vo u re d  p ro d u c t.  The re a c t io n  
u s in g  th e  p y r id in iu m  d e r iv a t iv e  o f ( I )  was th e re fo re  re p e a te d  and 
the  re a c t io n  m ix tu re  a llo w e d  to  s tan d  a t  room tem pe ra tu re  f o r  
s e v e ra l weeks, in  f a c t  u n t i l  i t  had c r y s t a l l i s e d .  Again how ever, 
the  o n ly  p ro d u c t th a t  co u ld  be is o la te d  was b i- 1 , 3 - d io x a n - 2 - y l .
The la c k  o f success in  the  p re p a ra t io n  o f the  seven membered 
r in g s  is  presum ably a fu n c t io n  o f  the  i n s t a b i l i t y  o f  t h i s  system  
in  com parison to  th e  system  c o n ta in in g  two s ix  membered r in g s .
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2 ,3 ,4a of. , 10ac<-T e tra hyd ro b en zo - 1 14 -d io x in o  [ 2 , 3 - e ] .  , 4 - d io x in .
The re a c t io n  between ( I )  and c a te c h o l ( jo -d ihyd roxybenzene )
22 ohas been in v e s t ig a te d  and a p ro d u c t, 'm .p. 74-76 , is o la te d .  T h is
was ass igned  the  s t ru c tu re  (X IX ) on the  b a s is  o f ca rbon -hyd rogen
ana lyses  and m o le cu la r w e ig h t d e te rm in a t io n s .  We have a ls o
o b ta in e d  t h i s  compound from  ( I )  and a n a ly s is  o f the  60 MHz n .m . r .
spectrum  f o r  s o lu t io n  b o th  in  benzene and carbon te t r a c h lo r id e
(see C hapte r 3 ) ,  shows th a t  the  compound has the  s t ru c tu re  (X IX )
as o r ig in a l l y  a ss ig ne d , w ith  c is -  r in g  fu s io n .  The s p e c tra  f o r
s o lu t io n  in  bo th  s o lv e n ts  show s in g le t  s ig n a ls  f o r  the  fo u r
a ro m a tic  p ro to n s  and from  the  two b ridgehead  p ro to n s } the  o th e r
74fo u r  p ro to n s  g iv in g  an AA'BB' p a t te r n .  The presence o f t h i s  p a t te rn  
shows th a t  in  t h i s  d ioxan  r in g  the  s u b s t itu e n ts  are  e i t h e r  c i s -  
w ith  the  m o lecu le  undergo ing  ra p id  in te rc o n v e rs io n  between the  
extrem e c h a ir  c o n fo rm a tio n s , o r th a t  the  s u b s t itu e n ts  are  t r a n s -  
and the  r in g  is  r i g i d .  T h is  AA'BB1 p a t te rn ,  f o r  s o lu t io n  in
benzene, c lo s e ly  resem bles th a t  from  c is -h e x a h y d ro -1 , 4 -d io x in o
37 75- 1 ,4 - d io x in  and c is - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n , and i t  i s  p o s s ib le
to  a ss ig n  t r a n s i t io n s  by in s p e c t io n  and th e re fo re  a s c e r ta in  r e a d i ly
the  va lu e s  o f the  c o u p lin g  c o n s ta n ts . In  term s o f the  c o n v e n tio n a l 
76sym bolism , the  l in e  p o s it io n s  g iv e  K = 6 .4 ,  L -  -1 8 .4 ,  |Y) -  0 ,
N = - 5 .6 ,  and £  -  29.7  Hz, whence J . -  J_. = 3 .2 ,  J -  -1 2 .0  and
A  ■—D  —
J/ = 6 .4  Hz. The spectrum  in  carbon te t r a c h lo r id e  s o lu t io n  i s  n o t
as w e ll re s o lv e d  b u t the  t r a n s i t io n s  may s t i l l  be a ss ig ne d , and
t h is  g iv e s  K = 6 .3 , L -  -1 8 .5 ,  W -  0, N = - 5 .6 ,  and S = 20 .3  Hz,
whence the  c o u p lin g  c o n s ta n ts  are  id e n t ic a l  w ith  those  above . The
va lu e  o f a ls o  compares w e ll w ith  those  p re v io u s ly
37o b ta in e d . Computer a n a ly s is  o f each o f these  s p e c tra  has a ls o
been c a r r ie d  o u t (see C hapte r 3 ) ,  and the  va lu e s  o b ta in e d  f o r  the  
s p e c tra l param eters  compare ve ry  w e ll w ith  those  o b ta in e d  above. 
These va lu e s  compare w e ll w ith  those o b ta in e d  f o r  o th e r c is - 2 , 3 -
th a t  a t r a n s -  fu s io n  e x is ts  a t  the  r in g  ju n c t io n .
The mechanism o f the  fo rm a tio n  o f the  compounds d iscu ssed  above.
b id i t h ia n y l  and o f the  b e n z o d io x in o d io x in  w ith  the  c is -  fu s io n ,  
must a ls o  accoun t f o r  the  fo l lo w in g  f a c t s .  When e th y le n e  g ly c o l
the  p ro d u c ts . G en e ra tion  o f g ly o x a l _in s i t u  would accoun t f o r  the
59fo rm a tio n  o f these p ro d u c ts  b u t i t  has been shown th a t  under the  
c o n d it io n s  used g ly o x a l is  n o t gene ra ted  in  any s ig n i f ic a n t  q u a n t i ty  
( le s s  than  one p a r t  in  te n  th o u s a n d ).
A mechanism a cco u n tin g  f o r  the  p ro d u c ts  o b ta in e d  w ith  e th y le n e  
g ly c o l i s  as fo l lo w s .  The i n i t i a l  re a c t io n  w ith  e th y le n e  g ly c o l 
i s  p ro b a b ly  an S^2 re a c t io n ,  t h is  le a d in g  to  the  c i s - 2 , 3 -  
- d is u b s t i t u te d - 1 , 4 -d io x a n  ( X X I I I ) .  The s te re o c h e m is try  o f t h i s
- d is u b s t i t u te d - 1 , 4 -d io xa n s 1 4 ,3 7 ,7 5 ,8 7 and ru le  o u t the  p o s s ib i l i t y
A mechanism a cco u n tin g  f o r  the  fo rm a tio n  o f the b id io x a n y l,
is  used the  p ro d u c ts  are  c is -h e x a h y d ro -1 , 4 -d io x in o  ,4 - d io x in  *
2 35and b i - 1 , 3 - d io x o la n - 2 - y l ,  * w ith  e th a n e -1 , 2 - d i t h io l  the  o n ly
p r o d u c t^ *  ^  is  b i - 1 , 3 - d i t h io la n - 2 - y l ,  and when e s te rs  o f ( + ) - t a r t a r i c
22,44a c id  are  used then c i s - te t ra o x a d e c a lin  d ic a rb o x y la te s  are
( X X I I I ) (XXIV) (XXV)
m olecu le  p re c lu d e s  a f u r t h e r  :S 2 re a c t io n  to  g iv e  a t r a n s -  r in g
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fu s io n ,  however the  s te re o c h e m ic a l re q u ire m e n ts  f o r  an E_ e l im in a t io n  
a re  f u l f i l l e d  and hydrogen c h lo r id e  may be e je c te d .  The r e s u l t in g  
o le f in  co u ld  then  undergo p ro to n a t io n  to  g iv e  the  in te rm e d ia te  
(X X IV ), r in g  c lo s u re  o f which must g iv e  r is e  to  a c is -  r in g  
fu s io n .  A l t e r n a t iv e ly  the  p ro to n a te d  o le f in  co u ld  re a rra n g e  to  g iv e  
the  carbonium  io n  (XXV), r in g  c lo s u re  o f which would le a d  to  the  
b i - 1 , 3 - d io x o la n - 2 - y l• T h is  mechanism accoun ts  f o r  the  p ro d u c ts  w ith  
e th y le n e  g ly c o l b u t w ith  t r im e th y le n e  g ly c o l the  p re d ic te d  p ro d u c ts  
would be c is -h e x a h y d ro -1 , 4 -d io x in o  [2 ,3 -b J -i ,4 -d io x e p in  ( V I I )  and 
2 - ( l , 3 - d io x o la n - 2 - y l) - 1 ,3 - d io x a n  (X X V I), and n o t to  the  b id io x a n y l;
(XXV I )  (X X V II) (X X V II I )
(XXIX) (XXX)
in  the  case o f e th a n e -1 , 2 - d i t h io l  the  p ro d u c t would be e i t h e r  
c is -h e xa h y d ro -1 , 4 - d i th in o  , 4 -d io x in  (X X V II) o r
2 - ( l , 3 - d i t h io la n - 2 - y l ) - 1 , 3 - d io x o la n  (X X V I I I ) ,  and in  the  case 
o f p ropane-1 , 3 - d i t h io l  the  expected  p ro d u c t would be e i t h e r  
c is -h e xa h y d ro -1 , 4 -d io x in o  [ 2, 3- b j  - 1 , 4 - d i t h ie p in  (XXIX) o r 
2 - ( l , 3 - d i t h ia n - 2 - y l ) - 1 ,3 - d io x a n  (X X ). None o f these  p ro d u c ts  has 
been is o la te d  and a second mechanism must th e re fo re  be c o n s id e re d .
C ondensation  o f the  d ic h lo ro d io x a n  w ith  some o f the  a lc o h o l,
o r th e rm a l e l im in a t io n ,  may cause the  g e n e ra tio n  o f hydrogen c h lo r id e  
which c o u ld , in  tu r n ,  p ro to n a te  the  d ic h lo ro d io x a n , r in g  opening 
o f t h i s  p ro to n a te d  sp e c ie s  le a d in g  to  the  carbon ium  io n  (X X X I) .
HO ^, + ^ C 1
0
H
C l
HO
(XXXI) (X X X II)
A d d it io n  to  t h i s  o f t r im e th y le n e  g ly c o l ,  fo l lo w e d  by th e  lo s s  o f  a 
p ro to n  and c y c l is a t io n  by the  e l im in a t io n  o f hydrogen c h lo r id e  c o u ld  
le a d  to  the  2 - s u b s t i tu te d - 1 , 3 -d io x a n  (X X X II) .  R e p e t it io n  o f t h i s  
p rocess would le a d  to  the  b id io x a n y l,  and such a mechanism c o u ld  
a ls o  account f o r  the  p ro d u c tio n  o f b i - 1 , 3 - d i t h io la n - 2 - y l  and 
b i - 1 , 3 - d i t h ia n - 2 - y l  w ith  e th a n e -1 , 2 - d i t h io l  and p ropane-1 , 3 - d i t h io l  
r e s p e c t iv e ly .  There seems no reason however, why e l im in a t io n  o f 
hydrogen c h lo r id e  fro m  (X X X II) shou ld  n o t take  p lace  le a d in g  to  
2 - ( l , 3 - d io x o la n - 2 - y l) - 1 , 3 -d io xa n  (X X V I). The fo rm a tio n  o f 
c i s -h e xa h y d ro -1 , 4 -d io x in o  , 4r d io x in  from  e th y le n e  g ly c o l ,
and the  c is - te t ra o x a d e c a lin  d ic a rb o x y la te s  from  the  e s te rs  o f 
( + ) - t a r t a r i c  a c id  may be e x p la in e d  as fo l lo w s .  E th y le n e  g ly c o l adds 
to  the  carbonium  io n  (XXXI) as p re v io u s ly  b u t e l im in a t io n  o f 
hydrogen c h lo r id e  and r in g  c lo s u re  ta ke s  p lace  a t  ca rb on -3  o f 
the  d ioxan  r in g ,  a second r in g  c lo s u re  may then  take  p lace  g iv in g  
the  re q u ire d  p ro d u c t.  T h is  a l t e r n a t iv e  condensa tion  does n o t o ccu r 
w ith  the  s u lp h u r c o n ta in in g  compounds s in c e  t h is  would aga in  le a d  
to  (X X V II) and (X X IX ), the  r e la t iv e  s t a b i l i t i e s  o f the  p ro d u c ts  
p ro b a b ly  be ing  the  d e c id in g  fa c to r  co n ce rn in g  which o f these  
e l im in a t io n s  ta ke s  p la c e . In  the  cases in  which t h is  a l t e r n a t iv e
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cond e nsa tio n  does take  p lace  the  fo rm a tio n  o f two s ix  membered r in g s  
is  in v o lv e d , and the  e x tra  s t a b i l i t y  o f t h i s  system  may accoun t 
f o r  t h e i r  fo rm a tio n .
A v a r ia t io n  le a d in g  to  the  same p ro d u c ts  would beg in  w ith  
p ro to n a t io n  o f the  f i r s t  cond e nsa tio n  p ro d u c t ( X X I I I ) .  Such a 
mechanism is  perhaps more c o r r e c t ,  as in  the  p re p a ra t io n  o f ( I )  
by the  c h lo r in a t io n  o f 1 .,4 -d ioxan  th e re  is  a p p a re n tly  no 
s ig n i f ic a n t  p ro d u c t d e r iv e d  fro m  the  io n  (X X X I) .
The id e n t i t y  o f the  second compound is o la te d  by Btteseken, 
m .p. 1 0 9 .5 -1 1 1 ° , has s t i l l  to  be e s ta b lis h e d .  I t  may be th a t  i t  
i s  the  a l t e r n a t iv e  p ro d u c t (XXVI) a lth o u g h , in  v iew  o f the  s im i l a r i t y  
in  m e lt in g  p o in ts ,  i t  may w e ll be b i - 1 , 3 - d io x o la n - 2 - y l . The 
fo rm a tio n  o f t h i s  compound may be e x p la in e d  f o r  in  the  presence o f 
s l ig h t  tra c e s  o f w a te r h y d ro ly s is  o f ( I )  c o u ld  take  p la c e , t h i s  
le a d in g  to ,  in  a d d it io n  to  the  re g e n e ra tio n  o f the  w a te r , e th y le n e  
g ly c o l and g ly o x a l,  which under the  in f lu e n c e  o f the  a c id  c a ta ly s t  
hydrogen c h lo r id e ,  c o u ld  condense to  g iv e  the  re q u ire d  p ro d u c t.
1 , 4-D io x in o - 1 , 4- d io x in - 2 ,3 -d ic a rb o x y la te s .
The re a c t io n  between ( I )  and d ie th y l  ( + ) - t a r t r a t e  was f i r s t l y  
re p o r te d  in  1 9 3 3 .^  The p ro d u c t, m .p . 94° - 0 .3 ° ,  was
d es ign a te d  d ie th y l  1 , 4 , 5 ,8 - te t ra o x a d e c a lin -2 ,3 - d ic a r b o x y la te  (X IV ) 
on the  b a s is  o f ca rbon-hydrogen  ana lyses  o n ly , b u t no d e d u c tio n s
44co nce rn in g  the  s te re o c h e m is try  were made. T h is  work was re p ea ted  
and a p ro d u c t, m .p . 93°, was is o la te d  w hich however was shown to  
have [©<]q2 - 5 6 *4 °*  F u r th e r  s t r u c tu re s  (X X X III)-(X X X V ) were 
co ns ide re d  f o r  t h i s  compound which co u ld  n o t be ru le d  o u t on th e  
b a s is  o f a n a ly s is  f ig u r e s  a lo n e , b u t w hich were su bse q ue n tly  ru le d
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o u t on the  b a s is  o f the  n .m . r .  spectrum  w hich showed an AMNX 
p a t te rn  from  the  p ro to n s  o f the  e th y le n e  m o ie ty  in  bo th  benzene 
and d e u te r io c h lo ro fo rm  s o lu t io n s .
(X X X II I )  (XXXIV)
E t02C 
EtOgC
(XXXV)
A r ig o ro u s  a n a ly s is  o f t h i s  p o r t io n  o f the  spectrum  was n o t p o s s ib le  
f o r  two re a son s ; f i r s t l y ,  the  s ig n a ls  from  the  m ethylene g roups 
o f the  e th o x y l m o ie ty  mask the  A p o r t io n  o f the  spectrum , and 
se co n d ly , the  {YIN p a r t  o f  th e  spectrum  canno t be ana lysed  by a f i r s t -  
o rd e r tre a tm e n t.  In  an a tte m p t to  o b ta in  a more s im p le  spectrum  
the  d im e th y l e s te r ,  m .p . 73° -6 5 .5 ° ,  was p re p a re d *^  b u t in
t h i s  case i t  was the  1YIN p a r t  o f the  spectrum  th a t  was o b l i t e r a te d ,  
t h i s  tim e  by the  s ig n a ls  from  the  m ethoxy l g ro u p s . A lth o u g h  i t  was 
n o t p o s s ib le  to  com plete  a r ig o ro u s  a n a ly s is  o f the  spectrum  i t  was 
p o s s ib le  to  deduce, from  the  presence o f the  AIY1NX p a t te rn ,  th a t  
the  r in g  fu s io n  was c is -  and the  m o lecu le  e x is te d  in  a r i g i d  
c o n fo rm a tio n .
In  o rd e r to  s im p l i f y  the  spectrum  fu r t h e r ,  a tte m p ts  were 
made to  p repare  the  d ip h e n y l e s te r  o f ( + ) - t a r t a r i c  a c id ,  t h i s  hav ing  
n o t been re p o r te d  in  the  l i t e r a t u r e .  U sing the  d ip h e n y l e s te r  i t
was hoped to  p repare  the  co rre sp o n d in g  d ip h e n y lte tra o x a d e c a lin
d ic a rb o x y la te ,  the  n .m .r*  spectrum  o f which shou ld  show the
AMNX p a tte rn  unco m p lica ted  by f u r th e r  s ig n a ls ,  however no s u c c e s s fu l
method o f p re p a ra t io n  co u ld  be fou n d , and t h is  method o f spectrum
s im p l i f i c a t io n  was abandoned. S e ve ra l com puter ana lyses  had been
c a r r ie d  ou t by t h i s  tim e  and i t  was dec ided  to  a tte m p t the  a n a ly s is
o f these  s p e c tra  in  t h i s  way. A lthough  p a r ts  o f each spectrum  are
masked by o th e r s ig n a ls ,  s u f f i c i e n t  is  v is ib le  in  each case to
enab le  the  a n a ly s is  to  be co m p le ted . From the  spectrum  o f th e  d im e th y l
d ic a rb o x y la te  in  benzene s o lu t io n ,  a pp a re n t f i r s t - o r d e r  c o u p lin g
44c o n s ta n ts  have been e x tra c te d  by in s p e c t io n ,  b u t i t  was conc luded  
th a t  these f ig u r e s  co u ld  n o t s e p a ra te ly  be used . T h is  c o n c lu s io n  is  
n o t e n t i r e ly  v a l id  f o r  a lth o u g h  in  the  |Y]|\! p a r t  o f the  spectrum  the  
c o u p lin g  c o n s ta n ts  would n o t appear as the  s e p a ra tio n  between 
observed l in e s  o r the  chem ica l s h i f t s  be im m ed ia te ly  o b v io u s , the  
A and X p a tte rn s  shou ld  be, and in  f a c t  a re , capab le  o f  s o lu t io n  
by in s p e c t io n .  Computer a n a ly s is  o f th e  spectrum  (see C hap te r 3) 
le d  to  the  fo l lo w in g  s e t o f p a ram e te rs .
r? II 6 .13 -AM = 2.97 Hz
X  =|Y1 6 .64 “ AN = 11.05 Hz
X
u 6 .76 “ AX = -1 1 .6 7 Hz
x<
^ ii 7 .14 4 yin = -1 2 .1 2 Hz
4flX = 1 .93 Hz
-NX 2.74 Hz
A lthough  a la rg e  amount o f the  MN p a t te rn  i s  h idden  these  pa ram ete rs  
can be o b ta in e d  re a son a b ly  a c c u ra te ly ,  however as a check a s im i la r  
a n a ly s is  was c a r r ie d  o u t f o r  the  d ie th y l  e s te r  in  bo th  benzene and 
d e u te r io c h lo ro fo rm  s o lu t io n s ,  s in ce  the  c o n fo rm a tio n , and hence th e
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c o u p lin g  c o n s ta n ts , would n o t be expected  to  va ry  g r e a t ly  from  th a t  
o f  the  d im e th y l e s te r .  T h is  was found to  be the  case, th e  param eters 
o b ta in e d  b e in g , f o r  benzene s o lu t io n ,
^ f l  = 6 -11 -AM = 2.97 Hz
\  = 6 - 65 “ AN = 11.15 Hz
\  = 6 *77 “ AX = -1 1 .5 6 Hz
II , CJ1 “ MN = -1 2 .2 7 Hz
“ MX 1 .96 Hz
“ NX = 2.63 Hz
d e u te r io c h lo ro fo rm  s o lu t io n ,
" t  = 5 .84
-AM = 2.82 Hz
%  = 6 - 01 “ AN = 11.06 Hz
» 6 ‘ 14 “ AX = -1 1 .7 8 Hz
T:x = 6 .49 “ MN = -1 1 .9 3 Hz
“ MX 2.09 Hz
“ NX = 2 .70 Hz
these  showing good agreement w ith  the  f ig u r e s  o b ta in e d  f o r  the  
d im e th y l e s te r .  The spectrum  in  d e u te r io c h lo ro fo rm  s o lu t io n  is  n o t 
as w e ll re s o lv e d  as th a t  in  benzene b u t the  two s e ts  o f 
c o u p lin g  c o n s ta n ts  compare ve ry  w e l l .  S ince no r i g id  
c is - 2 ,3 - d is u b s t i t u te d - 1 , 4 -d io x a n s  have p re v io u s ly  been re p o r te d  
i t  is  n o t p o s s ib le  to  compare the  va lu e s  o b ta in e d  w ith  those  e xp e c te d , 
however i t  i s  p o s s ib le  to  make some com parison w ith  those  o b ta in e d  
from  r i g id  c o n fo rm a tio n s  w ith  t r a n s -  s u b s t i tu e n ts .  The e q u a to r ia l -  
e q u a to r ia l c o u p lin g , is  la r g e r  than  would be expected  w h ile
the  a x ia l- e q u a to r ia l  c o u p lin g s , ^  and are  s l i g h t l y  s m a lle r
than  those  observed f o r  s t ru c tu re s  w ith  t r a n s -  s u b s t i tu e n ts ,  these  
be ing  c o n s is te n t  w ith  s l ig h t  b u c k lin g  o f the  d ioxan  r in g .
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The va lu e s  o f the  chem ica l s h i f t s  are in te r e s t in g  to  n o te .  
C o n s id e rin g  f i r s t l y  the  spectrum  in  benzene s o lu t io n ,  the  va lu e  
o f the  c o u p lin g  c o n s ta n t o f 11.05 Hz f o r  the  d im e th y l e s te r ,  and 
11 .15  Hz f o r  the  d ie th y l  e s te r ,  shows th a t  t h i s  can o n ly  be an 
a x ia l - a x ia l  c o u p lin g , w h ile  those  w ith  the  n e g a tiv e  va lu e s  can 
o n ly  be gem ina l c o u p lin g s .  T h is  means th a t  the  p ro to n s  A and l\l a re  in  
a x ia l  p o s it io n s  w h ile  A and X are  a tta c h e d  to  one carbon atom 
w h ile  M and N are  a tta c h e d  to  the  o th e r .  I f  a D re id in g  model o f 
t h i s  m o lecu le  i s  examined i t  i s  found  th a t  one o f  the  a x ia l  p ro to n s  
is  c lo s e r  to  one o f th e  oxygen atoms o f the  second r in g  than  th e  
o th e r ,  and is  th e re fo re  the  p ro to n  re s o n a tin g  a t  lo w e r f i e l d ,  p ro to n  A
(XXXVI)
H
(XXXVI)
H H
The d if fe re n c e  in  chem ica l s h i f t  between H^ and H^ is  
a p p ro x im a te ly  0.1 p .p .m . w ith  the  a x ia l  p ro to n  s ig n a l u p f ie ld .  The
d if fe re n c e  in  chem ica l s h i f t  between Hft and H^ is  found  to  be
\
1.1 p .p .m . w ith  the  a x ia l  p ro to n  s ig n a l d o w n f ie ld ,  and even a llo w in g  
f o r  the  p ro x im ity  o f t h i s  p ro to n  to  the  second oxygen atom a s h i f t  o f
1 .2  p .p .m . is  much g re a te r  than  would be a n t ic ip a te d .
In  the  absence o f  o th e r  c is - d is u b s t i tu t e d - 1 , 4 -d io x a n s  fro m  
which the  chem ica l s h i f t s  co u ld  be e s tim a te d , c o n s id e ra t io n  o f 
b i - 1 , 3 -d io x a n -2 -y l enab les  us to  o b ta in  a f u r t h e r  e s tim a te  f o r  th e  
d if fe re n c e  in  chem ica l s h i f t  expected  f o r  these  p ro to n s . In  benzene 
s o lu t io n  the  chem ica l s h i f t  d if fe re n c e  between the  p ro to n s  on th e  
carbon atoms a d ja c e n t to  oxygen is  0 .48  p .p .m .,  the  a x ia l  p ro to n  s ig n a l
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be ing  u p f ie ld .  In  a d d it io n ,  in  1 , 4 -d io xa n s  these  p ro to n s  a re  a ls o
on a carbon atom f 3 -  to  a n o th e r oxygen atom, t h i s  hav ing  been 
72found  to  s h ie ld  the  e q u a to r ia l p ro to n  and d e s h ie ld  the  a x ia l
p ro to n .  T h is  e f f e c t  would tend  to  decrease the  d if fe re n c e  in
chem ica l s h i f t  and is  in  agreement w ith  the  d if fe re n c e  o f 0,1 p .p .m .
found between the  chem ica l s h i f t s  o f and H ^. T h is  s t i l l  le a ve s
a s h i f t  d if fe re n c e  o f 1 .2  p .p .m . to  be e x p la in e d . In  benzene
s o lu t io n  the  s o lv e n t m o lecu les  may a l ig n  them se lves such th a t
c e r ta in  p ro to n s  may be p r e fe r e n t ia l ly  s h ie ld e d  o r d e s h ie ld e d , however
i f  t h i s  is  the  case t h i s  e f f e c t  shou ld  be c o n c e n tra t io n  dependent.
T h is  was found n o t to  be the  case f o r  the  s p e c tra  a t  a range o f
d i lu t io n s  were id e n t ic a l .
The benzene s o lv e n t shows some in te r a c t io n  w ith  the
m olecu le  s in ce  in  d e u te r io c h lo ro fo rm  the  d if fe re n c e  in  chem ica l
s h i f t  between these two p ro to n s  is  decreased to  0 .64  p .p .m .,
w h ile  f o r  and i t  rem ains a t  0.1 p .p .m . T h is  means th a t  the
a x ia l  p ro to n  s ig n a l is  s t i l l  a p p ro x im a te ly  0 .75  p .p .m . to  lo w e r
f i e l d  than  would be expected  and as t h i s  s t i l l  seems to o  g re a t to
be e x p la in e d  s im p ly  by th e  p ro x im ity  o f the  oxygen atom s, an a tte m p t
was made to  c l a r i f y  the  s i t u a t io n  by c a r ry in g  o u t an X -ra y
c r y s ta l lo g r a p h ic  a n a ly s is  o f the  c o n fo rm a tio n  o f t h i s  m o le c u le .
From t h i s  (see C hapte r 4) i t  can be seen th a t  d is t o r t i o n  o f the
m o lecu le  b r in g s  the  a x ia l  p ro to n  c lo s e r  to  the  two oxygen atoms
than  would be expec ted , from  the  e xa m in a tio n  o f D re id in g  m odels,
in  the  u n d is to r te d  m o le c u le .
The p ro x im ity  o f  an oxygen atom to  a p ro to n  causes a
d o w n fie ld  s h i f t ,  t h i s  s h i f t  be ing  accounted f o r  in  term s o f an
77e le c t r o s t a t ic  e f f e c t .  An e le c t r o s t a t ic  e f f e c t  u s u a lly  causes
a s h i f t  in  the  range -0 ,5  to  + 0 ,5  p .p .m . and the  observed s h i f t ,  in  
d e u te r io c h lo ro fo rm  s o lu t io n ,  is  w i th in  the  maximum expected  f o r  
the  p ro x im ity  o f two e le c tro n e g a t iv e  a tom s.
A f u r t h e r  re a c t io n  to  be s tu d ie d  in  t h i s  s e r ie s  was th a t  
between ( I )  and d im e th y l meso- t a r t r a t e . D e sp ite  a v a r ie ty  o f s o lv e n ts  
be ing  used, and in  one case w ith o u t s o lv e n t ,  no m a te r ia l c o u ld  be 
is o la te d  save d im e th y l meso- t a r t r a t e .  d e s p ite  in  one case the  
e v o lu t io n  o f hydrogen c h lo r id e  c o n t in u in g  f o r  203 h o u rs . On th e  b a s is  
o f the  mechanism p o s tu la te d  th e re  seems no reason why t h i s  re a c t io n  
shou ld  n o t take  p la c e , and from  th e  e xa m in a tio n  o f  D re id in g  models 
o f the  m o lecu les  concerned, th e re  seems to  be no s te re o c h e m ic a l 
reason f o r  t h i s  la c k  o f re a c t io n ,  the  o n ly  d if fe re n c e  between the  
e s te rs  o f the  ( + ) -  and meso-  a c id s  be ing  the  c o n f ig u ra t io n  a t  one 
o f the  carbon atom s.
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and sodium 
o x a la te , and sodium m a lo na te .
F u r th e r  re a c t io n s  have been s tu d ie d  in  w h ich  a tte m p ts  have 
been made to  s u b s t i tu te  oxygen atoms f o r  the  c h lo r in e  atoms o f ( I )  
w ith  l i t t l e  success.
e s te r  s a l t s  have been used w ith  the  aim o f p re p a rin g  s e v e ra l 
c y c l ic  compounds. Sodium o x a la te  and sodium m alonate were used, 
the  p ro d u c ts  o r ig in a l l y  expected  be ing  ( XXXVII) and (X X X V II I ) .  
These compounds would be o f in t e r e s t  them se lves b u t on re d u c t io n  
would g iv e ,  in  the  case o f (X X X V II), h exahyd ro -1 , 4 -d io x in o
The re a c t io n  between ( I )  and potass ium  a c e ta te  in  a c e t ic
22 oa c id  s o lu t io n  g iv e s  the  d ia c e ta te  (X V ), m .p . 104 -105 .5  . F u r th e r
- 1 ,4 - d io x in ,  the  c is -  isom er o f w hich is  known, 2,37 and in  the
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case o f (X X X V III) ,  hexa h yd ro -1 , 4 -d io x in o  - 1 , 4 -d io x e p in ,  the
p re p a ra t io n  o f which has been a ttem p ted  by o th e r methods* In  the
case o f the  fo rm a tio n  o f the  d ia c e ta te  the  re a c t io n  presum ably
p o s s ib le  in  the  case o f the  c y c l ic  e s te rs  under c o n s id e ra t io n  
and the  mechanism is  p ro b a b ly  ana logous to  th a t  p o s tu la te d  to  
accoun t f o r  the  fo rm a tio n  o f b i - 1 , 3-a’io x a n -2 -y l • I f  t h i s  i s  the  
case the p ro d u c ts  would more l i k e l y  be, f o r  sodium o x a la te ,  (X X X IX ), 
(XL) and (X L I) ,  and f o r  sodium m a lona te , ( X L I I )  and ( X L I I l ) ,  the  
fo rm a tio n  o f one o f these  p ro d u c ts  would th e re fo re  le n d  w e ig h t 
to  the  p o s tu la te d  mechanism*
(X X XV II) (X X X V III)
ta ke s  p lace  in  two s ta g e s , each by an Si^2 mechanism* T h is  i s  n o t
(XXXIX) (XL) (X L I)
( X L I I )  ( X L I I I )
In  the  case o f the  a c e ta te  the  f re e  a c id  was used as the  
s o lv e n t b u t t h i s  is  n o t p o s s ib le  w ith  the  o x a la te  o r m alonate as
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these  f re e  a c id s  are  s o l id s .  I t  was th e re fo re  necessary to  f in d  a
s u ita b le  s o lv e n t in  w hich to  c a r ry  ou t these re a c t io n s .  The b e s t
s o lv e n t f o r  the  sodium s a l t s  o f the  a c id s  is  w a te r, however t h is  
3 33is  known * to  cause h y d ro ly s is  o f ( I ) .  The o n ly  o th e r s o lv e n t f o r
45the  sodium s a l t s  is  fo rm ic  a c id  w hich u n fo r tu n a te ly  i s  a ls o  known 
to  re a c t  w ith  ( I ) ,  the  p ro d u c ts  be ing  1 , 4 -d ioxa n on e , carbon monoxide 
and hydrogen c h lo r id e .  T h is  n e c e s s ita te d  the  use o f he te rogeneous 
re a c t io n  c o n d it io n s  and in  each case no re a c t io n  was found  to  take  
p la c e .
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and a n is o le .
The re a c t io n  between a n is o le  (m e th y l phenyl e th e r )  and ( I )  
u s in g  boron t r i f l u o r i d e  as c a ta ly s t  has been in v e s t ig a te d ,  no 
m a te r ia l save boron t r i f l u o r i d e  e th e ra te  be ing  is o la te d ,  the  re a c t io n  
m ix tu re  y ie ld in g  a b la c k  in t r a c ta b le  t a r .  A f te r  the  fo rm a tio n  o f 
the  i n i t i a l  carbonium  io n  (X L IV ) lo s s  o f a p ro to n  to  g iv e  (XLV) 
is  p o s s ib le ,  t h is  be ing  capab le  o f p o ly m e r is a t io n .  C onverse ly
> 0 ’
0- C l
(XL IV )
O - ^ ^ C l
(XLV)
'CK U *  1—OCH,
*0^  'C l
(X LV l) ( X L V II)
re a c t io n  between (X L IV ) and a n is o le  would g ive  (X L V l) ,  a t ta c k  o f 
w hich by boron t r i f l u o r i d e  would g iv e  a f u r t h e r  carbon ium  io n  
(X L V II) w h ich , a f t e r  the  lo s s  o f a p ro to n  to  g iv e  the  a lk e n e , i s
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a ls o  capab le  o f p o ly m e r is a tio n ,  o r which may be a tta c k e d  by any 
o f the  p o s i t iv e ly  charged sp ec ies  p re s e n t.  T h is  l a t t e r  e x p la n a tio n  
is  p ro b a b ly  more l i k e l y  as i t  is  n o t p o s s ib le  to  re c o v e r a n is o le  
from  the  re a c t io n  m ix tu re ,
S51- ( 1 , 4-D io xa n - 2 ,3 - d i y l ) d ith io u ro n iu m  d ic h lo r id e ,
There are many examples in  the  l i t e r a t u r e  in  w hich the  c h lo r in e
2 22 44 61atoms o f ( I )  may be d i r e c t l y  s u b s t i tu te d  by oxygen atoms 9 9 9
however o n ly  in  one case has d i r e c t  s u b s t i t u t io n  by a s u lp h u r atom
43 39been d e s c r ib e d . O ther re a c t io n s  w ith  s u lp h u r c o n ta in in g  compounds
do n o t le a d  to  d i r e c t  s u b s t i t u t io n ,  however i f  t h i s  were p o s s ib le
the  s y n th e s is  o f some n ove l h e te ro c y c l ic  compounds m igh t be p o s s ib le .
I t  was found th a t  the  re a c t io n  between ( I )  and th io u re a  in  p ro p a n o l
le d  to  a compound, m .p , 168-169° (decom p,), which was id e n t i f ie d ,
by means o f i t s  n .m . r .  spectrum , as SS1- ( 1 , 4 - d io x a n - 2 ,3 - d iy l ) -
d ith io u ro n iu m  d ic h lo r id e  ( X L V I I l ) .  No s a t is fa c to r y  a n a ly s is  f ig u r e s
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co u ld  be o b ta in e d  as s low  decom pos ition  seemed to  take  p la ce  on 
s to ra g e , presum ably v ia  the  e x p u ls io n  o f th io u re a ,  which fro m  mass 
s p e c tra l ev idence  seems to  be lo s t  r e la t i v e l y  e a s i ly ,  c f .  the  s low  
decom pos ition  o f ( I )  in  a i r  w ith  the  e v o lu t io n  o f hydrogen 
c h lo r id e .  The n .m .r .  spectrum  shows s in g le t  s ig n a ls  from  the  two 
b ridgehead  p ro to n s  and an AA'BB1 p a t te rn  from  the  p ro to n s  o f the  
e th y le n e  m o ie ty , f o r  s o lu t io n  in  t r i f l u o r o a c e t i c  a c id  (TFA ),
d eu te riu m  ox ide  (D2O), and d im e th y l su lp h o x id e  (DMSO). In  DWSO
th e re  i s  a broad s in g le t  co rre sp o n d in g  to  the  e ig h t  p ro to n s  a tta c h e d
to  the  n it ro g e n  atom s, w h ile  in  TFA t h is  i s  s p l i t  in to  two broad
s ig n a ls  o f equa l in t e n s i t y ,  s in c e  in  t h i s  s o lv e n t the  ra te  o f
78exchange is  slowed s u f f i c i e n t l y  f o r  the  and groups
to  g iv e  sepa ra te  s ig n a ls ,  th a t  from  =NH2+ be ing  d o w n f ie ld .
The presence o f the  AA'BB1 p a t te rn  shows th a t  the  d ioxan  r in g  
i s  e i t h e r  in  the  r i g i d  c h a ir  c o n fo rm a tio n  w ith  the  s u b s t itu e n ts  
t r a n s -» o r the  s u b s t itu e n ts  a re  c is -  and the  r in g  is  unde rgo ing  ra p id  
in te rc o n v e rs io n  between the  extrem e c h a ir  c o n fo rm a tio n s . I t  i s  
p o s s ib le  by com puter a n a ly s is  (see C hapte r 3) to  o b ta in  th e  va lu e s  
o f  the  c o u p lin g  c o n s ta n ts  w h ich  show th a t  th e  s u b s t itu e n ts  a re  
t ra n s -  and the  m o lecu le  i s  th e re fo re  in  the  r i g i d  c h a ir  c o n fo rm a tio n . 
The param eters  o b ta in e d  are  rep roduced  b e low .
D2O s o lu t io n
^ = 5 . 5 5  Jf l f l l = 11.06 Hz Jgg, = 0.66 H
%  = S*06 —AS = —A 'B ' = - 1 2 *78 Hz
i flB, = Jfl, B = 2.92 HZ
DMSO s o lu t io n
\  =  5 * 7 5  —A A '  =  1 D * 7 7  H z  4 b -  =  ° - 51 H
=  6 , 1 2  - A B  =  - A ' B '  =  " 1 2 * 4 5  H z
“ A B 1 =  “ A ' B  =  2 ‘ 8 5 H Z
TFA s o lu t io n
\  = 5 -34 JAA, = 10-65 Hz Jgg, = 0.50 H
X B = 5 ,98  “ AB = - A 'B ' = “ 1 2 ‘ 58 Hz
“ AB' = “ A 'B = 2,81 Hz
The mass spectrum  o f  t h i s  compound shows no m o le c u la r io n  peak
a lth o u g h  t h is  is  n o t s u r p r is in g ,  the  lo s s  o f hydrogen c h lo r id e
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be ing  e x p e c te d . The io n  o f h ig h e s t n j/£ r a t io  i s  however, a t  jnn/je 166 
and n o t a t  m/_e 242 as m igh t be expec ted , t h i s  co rre sp o n d in g  to  the  
lo s s  o f one th io u re a  re s id u e .
The mechanism o f  fo rm a tio n  can be p o s tu la te d  as ta k in g  p lace  
v ia  two J5 2 re a c t io n s ,  t h i s  le a d in g  to  the  t r a n s -  d ie q u a to r ia l  
p ro d u c t.  A no ther mechanism w hich a t  f i r s t  s ig h t  seems e q u a lly  l i k e l y  
must be d is c o u n te d . A f te r  the  i n i t i a l  Si^2 re a c t io n  to  g iv e  (X L IX ) 
the  s te re o c h e m ic a l re q u ire m e n ts  f o r  an e l im in a t io n  a re  
s a t is f ie d  and a m o lecu le  o f hydrogen c h lo r id e  may be lo s t  to  g iv e  
the  o le f in  ( L ) .  A d d it io n  o f th io u re a  to  t h i s  double bond may take  
p la c e , however, t h i s  is  a t r a n s -  a d d it io n  and w ou ld  le a d  to  the  
c is -  p ro d u c t.  The s te re o c h e m ic a l re q u ire m e n ts  f o r  a ready Z_ 
e l im in a t io n  are  aga in  f u l f i l l e d  and a m o lecu le  o f th io u re a  is
e x p e lle d  to  g iv e  the  o r ig in a l  o le f in  ( L ) .
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S eve ra l re a c t io n s  o f the  d ih y d ro c h lo r id e  have been s tu d ie d .
Hexahydro- 1 , 4- d i t h in o - 1 , 4- d io x in •
The p re p a ra t io n  o f 1 ,4 - d i th ia n  from  e th a n e -1 , 2 - d i( S -
79- is o th io u ro n iu m )  d ib rom id e  has been re p o r te d  v ia  h y d ro ly s is  
u s in g  potass ium  h yd ro x id e  and the  a d d it io n  o f 1, 2-d ib ro m e th a n e • 
The d ioxan  d ic h lo r id e  ( X L V I I l)  has been used in  an a tte m p t to  
p repare  hexa h yd ro -1, 4 - d i th in o  - 1 ,4 - d io x in  ( L i) #  A f te r
( L I )
the  a d d it io n  o f po tass ium  h yd ro x id e  and h e a t in g , 1 , 2-d ib rom oe thane  
was added b u t no s o l id  m a te r ia l c o u ld  be is o la te d  from  the  re a c t io n  
m ix tu re #  The h y d ro ly s is  was f u r th e r  in v e s t ig a te d  by re p e a t in g  the  
re a c t io n  w ith  the  a d d it io n  o f benzoy l c h lo r id e  in  p lace  o f 
1 , 2 -d ib ro m e th a n e • T h is  re s u lte d  in  the  is o la t io n  o f a s m a ll sample 
o f JM -benzoy lth iou rea , id e n t i f ie d  by i t s  n .m . r .  spectrum , mass
spectrum , m e lt in g  p o in t  and mixed m e lt in g  p o in t  w ith  an a u th e n t ic
80sample# In  the  case o f the  e thane d ib rom id e  s a l t ,  h y d r o ly s is
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r e s u l t s  in  the  fo rm a tio n  o f e th a n e -1, 2- d i t h i o l  w h ile  in  the  case 
o f the  d ioxan  compound, th io u re a  is  the  s u lp h u r c o n ta in in g  e n t i t y ,  
t h i s  p ro b a b ly  a r is in g  from  the  i n s t a b i l i t y  o f  the  d ioxan  system  to  
s tro n g  a l k a l i .
The a tte m p ted  p re p a ra t io n  o f 2 ,3-d ith io c y a n a to - 1 , 4-d io x a n .
The re a c t io n  between c e r ta in  is o th io u ro n iu m  s a l t s  and n i t r o u s  
a c id  is  known to  y ie ld  the  c o rre sp o n d in g  th io c y a n a te , sometimes 
d i r e c t ly  and sometimes v ia  an in te rm e d ia te  n i t r o s o  compound# The 
in te n t io n  was n o t o n ly  to  p repa re  2, 3 -d ith io c y a n a to -1 , 4 -d io x a n ,
b u t a ls o  to  in v e s t ig a te  the  s t ru c tu re  o f the  n i t r o s o  compound, w h ich  
in  the  case o f the  d ith io u ro n iu m  s a l t  co u ld  be e i t h e r  a z w i t t e r io n  
o f the  type  ( L I I ) o r a double s a l t  w ith  the  f re e  base o f  th e  type  
( L 111) •
^ N H 2+ o - n = n v
♦ h 2n n - n =0 / - \ h 0 = n _ / " \
C-S-R-S-C R 2 R
H2w X n =N- ° '  \ - / H2+ " 0_N' \ y
n nh o=n- n^
( L 11) 1 ( L 111)
The re a c t io n  between am id ines  and n i t r o u s  a c id  has been 
in v e s t ig a te d ,  Am id ines c o n ta in in g  the  a tom ic  complex HN=C—NH^ g iv e
g
a c id s  o f the  g e n e ra l fo rm u la  XCN^O^H on tre a tm e n t w ith  n i t r o u s  a c id ,  
these in  tu rn  be ing  reduced w ith  sodium amalgam to  g iv e  a c id s  o f  the  
co m p o s itio n  XCN ,^0H and XCN^H c o n s e c u t iv e ly .  The f i r s t  o f th e s e , 
the  d io x y te t r a z o t ic  a c id s , are u n s ta b le  in  the  f re e  s ta te  b u t can 
be is o la te d  as s a l t s ,  these  s a l t s  be ing  decomposed e x p lo s iv e ly  by 
c o n c e n tra te d  s u lp h u r ic  a c id .  The d io x y te t r a z o t ic  a c id  was fo rm u la te d  
as 0=N-N=C(X)-N=N-0H s in c e  b e n z y lte t r a z o t ic  a c id  decomposed to  g iv e  
b e n z o n i t r i le ,  and a ls o  s in c e  s u b s t itu te d  am id ines gave no ana logous 
compound, w h ile  the  t e t r a z o t ic  a c id  was g ive n  the  c o n s t i t u t io n  o f 
e i t h e r  (L IV ) o r (L V ) .
/N -N  MH
X -C ^  I X -C ^  M
S" N-N N ||
H X N
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(L IV ) (LV)
T h is  in v e s t ig a t io n  has been c o n tin u e d  to  in c lu d e  th io c a rb a m id e s , ' 
The in te r a c t io n  o f to lu e n e - j> - th io l and cyanamide g iv e s  t o ly l - jD - is o -  
th io ca rb a m id e  (L V I) ,  w hich on tre a tm e n t w ith  c o n c e n tra te d  sodium
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n i t r a t e  s o lu t io n  in  the  presence o f h y d ro c h lo r ic  a c id  g iv e s  
n it ro s o to ly l- jD - is o th io c a rb a m id e ,  which was g ive n  the  c o n s t i t u t io n  
( L V I I )  on the  b a s is  o f i t s  p o s i t iv e  Lieberm ann t e s t ,  i n s o lu b i l i t y  
in  d i lu t e  a c id s  and i t s  c o n ve rs io n  by g la c ia l  a c e t ic  a c id  in to
n it ro g e n  and to ly l - jg - th io c y a n a te . T h is  n i t r o s o  compound was la t e r
83shown to  be the  to ly l- jg - is o th io c a rb a m id e  s a l t  o f d in i t r o s o t o ly l -  
- j> - is o th io c a rb a m id e  ( L V I I l ) .  T h is  s a l t  decomposes under the
NH
HNSC ( N H C H _ - C cH -S -C '''
2 6 4 3  3 6 4  N=N-0H
(L V I)  ( L V I I )
N-N=0 H J n
C-S-CcH.-CH„
3 5 4 " N = l\ l -C f  + H2N ^  6 4 3
( L V I I I )
a c t io n  o f c o n c e n tra te d  h y d ro c h lo r ic  a c id  in to  n i t r o u s  a c id  and 
to ly l- £ - is o th io c a r b a m id e • \
The a c t io n  o f n i t r o u s  a c id  on S i-b e n zy lth io u ro n iu m  c h lo r id e
84 ,was found to  y ie ld  b e n z y lth io c y a n a te , w h ile  e th a n e -1 , 2 -d i(_ S -iso -
th io u ro n iu m ) d ib rom id e  gave a n i t r o s o  compound, the  s t r u c tu r e  o f
which was assumed to  be (L IX ) *
+H„N N-N=0 NH-.HCl
3 \  /  /  2 
C-S-CH -CH -S-C C,H._-CH -S-C
/  2 2 \  6 5  2 ^
HN N=N-0" i\!-C^Hc6 5
(L IX ) (LX)
/ NH2
C2H5 -S- C^ N-CcH 6 11
(L X I)
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85F u r th e r  in v e s t ig a t io n s  showed th a t  ^ - s u b s t i tu te d  s a l t s  
gave th io c y a n a te s  w h ile  the  s i t u a t io n  was more c o m p lica te d  in  the  
case o f J N S -d is u b s titu te d  th io u ro n iu m  s a l t s .  In  the  case o f ( LX) 
no re a c t io n  was found to  o ccu r, w h ile  in  the  case o f ( L X I)
c y c lo h e x y lis o th io c y a n a te  was the  o n ly  p ro d u c t is o la te d .  F u r th e r
86c o n s id e ra t io n  o f the  problem  showed th a t  th e re  was no s im p le  
c o r r e la t io n  between the  in d u c t iv e  e f f e c t  o f  the  s u b s t itu e n t  g roups 
and the  n a tu re  o f the  p ro d u c ts , however whenever th e re  was a group 
o th e r than  hydrogen a tta c h e d  to  n it ro g e n  the  p ro d u c t was an 
is o th io c y a n a te  whereas w ith  j3 -m o n o su b s titu te d  s a l t s  the  p ro d u c t 
was the  th io c y a n a te .
In  v iew  o f the  i n s t a b i l i t y  o f the  d ioxan  re s id u e  in  
s t ro n g ly  a c id ic  c o n d it io n s  the  co rre sp o n d in g  ethane and propane 
d i- is o th io u ro n iu m  s a l t s  were p repared  and t h e i r  re a c t io n s  w ith  
n i t r o u s  a c id  a ls o  s tu d ie d .
In  the  case o f the  ethane and propane compounds, us in g  
h y d ro c h lo r ic  a c id  to  gene ra te  n i t r o u s  a c id ,  the  d ith io c y a n a te s  
were formed d i r e c t l y ,  w h ile  in  the  case o f the  d ioxan  compound 
h y d ro ly s is  o f the  r in g ,  to  g iv e  g ly o x a l,  to o k  p la c e .
Using g la c ia l  a c e t ic  a c id  to  genera te  the  n i t r o u s  a c id  
le d ,  in  each c a s e ,. to  a n i t r o s o  compound. The a n a ly s is  f ig u r e s  
were in  agreement w ith  the  a l t e r n a t iv e  s t ru c tu re s  ( L11) and ( L 111) • 
I t  was n o t p o s s ib le  to  o b ta in  the  n .m . r .  spectrum  o f the  d ioxan  
n it r o s o  compound as no s u ita b le  s o lv e n t co u ld  be fou n d , however 
when the  compound was d is s o lv e d  in  d im e th y l su lp h o x id e  e ffe rv e s c e n c e  
to o k  p lace  and the  l ib e r a te d  gases were shown to  c o n s is t  o f 
n it ro g e n ,  by mass s p e c tra l a n a ly s is ,  and carbon d io x id e ,  by 
passage th ro u g h  lim e  w a te r . A s im i la r  r e s u l t  was o b ta in e d  w ith  b o th
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the  ethane and propane compounds, and in  each case the  c le a r  
d im e th y l su lp h o x id e  s o lu t io n ,  on tre a tm e n t w ith  aqueous p ic r i c  a c id  
s o lu t io n ,  gave a p ic ra te  id e n t ic a l  w ith  th a t  o b ta in e d  from  
the  o r ig in a l  is o th io u ro n iu m  s a l t .
The d ecom pos ition  o f each o f the  n i t r o s o  compounds in  
g la c ia l  a c e t ic  a c id  has a ls o  been in v e s t ig a te d .  In  the  case o f 
the  ethane and propane compounds, each d is s o lv e d  w ith  e ffe rv e s c e n c e  
to  g iv e  a c le a r  s o lu t io n  from  w hich the  co rre sp o n d in g  d ith io c y a n a te  
was is o la te d  a f t e r  rem oval o f the  a c e t ic  a c id ,  and w h ich , on 
tre a tm e n t w ith  aqueous p ic r i c  a c id  s o lu t io n ,  gave a p ic ra te  
id e n t ic a l  w ith  th a t  from  the  o r ig in a l  is o th io u ro n iu m  s a l t .  In  the  
case o f the  d ioxan  compound e ffe rv e s c e n c e  was aga in  obse rved , b u t 
a s o l id  re s id u e  was o b ta in e d . T h is  s o l id ,  m .p . 193-195° (decom p.), 
co u ld  n o t be r e c r y s ta l l is e d ,  b u t on suspension in  w a te r and 
tre a tm e n t w ith  aqueous p ic r i c  a c id  s o lu t io n  gave a p ic ra te  
id e n t ic a l  w ith  th a t  from  the  o r ig in a l  d ic h lo r id e .  The s o l id  was 
s o lu b le  in  t r i f l u o r o a c e t i c  a c id ,  and i t s  n .m . r .  spectrum  in  t h i s  
s o lv e n t was id e n t ic a l  w ith  th a t  from  the  d ic h lo r id e  s a l t .  The mass 
spectrum , a t  195°, showed the  presence o f a c o n s id e ra b le  amount 
o f e le m e n ta l s u lp h u r ,  t h i s  a r is in g  from  th e rm a l d ecom pos ition  
in  the  io n  source o f the  mass s p e c tro m e te r. T h is  the rm a l 
d ecom pos ition  was dem onstra ted  by p y r o ly s is  o f a sample o f t h i s  
compound under h ig h  vacuum, whereupon s u lp h u r and th io u re a  were 
is o la te d  from  the  d ecom pos ition  p ro d u c ts . The mass spectrum  a t  a 
lo w e r tem pe ra tu re  was ve ry  s im i la r  to  th a t  from  the  o r ig in a l  
d ic h lo r id e  s a l t ,  e xcep t th a t  the  io n s  o f m/£ 35, 36, 37 and 38, 
due to  c h lo r in e  and hydrogen c h lo r id e  were a b s e n t. T h is  ev idence  
would suggest th a t  t h i s  compound is  the  f re e  base, however i t
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seems s l i g h t l y  s u rp r is in g  th a t  t h i s  can be is o la te d  from  g la c ia l  
a c e t ic  a c id  s o lu t io n .
The decom pos ition  w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id ,  in  
each case, gave a c le a r  s o lu t io n  from  w hich a p ic r a te ,  id e n t ic a l  
w ith  th a t  from  the  o r ig in a l  d ith io u ro n iu m  s a l t ,  was o b ta in e d  on 
tre a tm e n t w ith  aqueous p ic r ic  a c id  s o lu t io n .
These d ecom pos itions  in d ic a te  th a t  the  n it r o s o  compounds 
are in  f a c t  the  doub le  s a l t s  w ith  the  f re e  base, f o r  i t  would seem 
d i f f i c u l t  o th e rw is e  to  env isage  each o f these  d ecom pos ition  re a c t io n s  
le a d in g  to  the  f re e  base i f  the  s t ru c tu re  were th a t  o f the  z w i t t e r io n  
( L I I ) .  The fo rm a tio n  o f the  d ith io c y a n a te  would a ls o  be d i f f i c u l t  
to  e x p la in  whereas a mechanism a cco u n tin g  f o r  i t s  fo rm a tio n  from  
the  double s a l t  can r e a d i ly  be e n v isag e d .
I f  t h i s  is  the  case th e re  seems to  be no m e c h a n is tic  reason 
why the  co rre sp o n d in g  d ioxan  d ith io c y a n a te  is  n o t form ed, i t  i s  
presum ably the  i n s t a b i l i t y  o f  t h i s  system  in  a c id ic  c o n d it io n s  w h ich  
accoun ts  f o r  i t s  non fo rm a tio n .
The decom pos ition  in  h y d ro c h lo r ic  a c id  must take  p la ce  by 
a d i f f e r e n t  mechanism s in ce  the  d ith io c y a n a te  is  n o t fo rm ed, and 
ox id es  o f n it ro g e n  are  g ive n  o f f .  B ea ring  in  mind the  e x p lo s iv e  
n a tu re  o f t h is  re a c t io n  i t  i s  d i f f i c u l t  to  see how t h is  r e a c t io n  
can be in v e s t ig a te d  f u r t h e r .
One in e x p lic a b le  f a c t  co nce rn in g  the  d ecom pos ition  in  d im e th y l 
s u lp h o x id e  is  the p ro d u c tio n  o f carbon d io x id e .  The fre e  base can
ch2 - s - c = n
+2N 2
+ 2H0
+ 2I\J0+
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be shown s t i l l  to  be p re s e n t and th e re fo re  the  carbon d io x id e  must 
r e s u l t  e i t h e r  from  the  su lp h o x id e  i t s e l f  o r from  the  d in i t r o s o  
a n io n . Carbon d io x id e  is  d e te c te d  from  bo th  the  ethane and propane 
n i t r o s o  compounds and is  n o t th e re fo re  gene ra ted  v ia  the  p r e fe r e n t ia l  
decom pos ition  o f the  d ioxan  r in g ,  and must th e re fo re  a r is e  from  
the  re a c t io n  between the  an ion  and d im e th y l s u lp h o x id e , o r le s s  
l i k e l y ,  by o x id a t io n  o f the  hydrocarbon  m o ie ty . I t  is  d i f f i c u l t  
to  see how to  re s o lv e  t h i s  problem  w ith o u t perhaps the  use o f 
ra d io -c a rb o n  la b e l l in g .
From t h is  s tudy i t  would appear th a t  the  d ioxan  d ith io c y a n a te  
canno t be p repared  in  a c id ic  c o n d it io n s ,  the  d ioxan  re s id u e  be ing  
to o  s u s c e p t ib le  to  h y d r o ly s is ,  and the  p re p a ra t io n  was a tte m p ted  
us ing  the  d i r e c t  re a c t io n  between ( I )  and potass ium  th io c y a n a te ,  
V a rio u s  s o lv e n ts  were used and i t  was found th a t  i f  re a c t io n  
between ( I )  and the  s o lv e n t co u ld  take  p lace  t h is  occulted 
p r e fe r e n t ia l ly ,  g iv in g ,  in  the  case o f the  a lc o h o ls  used, a 
m ix tu re  o f the  2, 3 - d is u b s t i tu te d - 1 , 4 -d io xa n  and the  2- s u b s t i tu t e d -  
- 1 , 4 -d io xe n e , the  th io c y a n a te  be ing  re c o v e re d . When s o lv e n ts  were 
used which d id  n o t re a c t  w ith  ( I ) ,  d im e thy lfo rm am ide  and d im e th y l 
s u lp h o x id e , the  o n ly  m a te r ia l th a t  c o u ld  be is o la te d  was an 
amorphous s o l id  w ith  in d e f in i t e  m e lt in g  p o in t  and which c o u ld  n o t 
be r e c r y s t a l l is e d .  The in f r a - r e d  a b s o rp tio n  spectrum  o f t h i s  
m a te r ia l has been o b ta in e d  and shows no d e f in i t e  a b s o rp tio n  e xce p t 
a ve ry  s tro n g  th io c y a n a te  band a t  2200 cm. T h is  m a te r ia l was 
assumed to  be p o ly m e ric  and was n o t in v e s t ig a te d  f u r t h e r .
The la c k  o f success o f t h i s  re a c t io n  is  p ro b a b ly  due to  
the  fo rm a tio n  o f ( LX 11) a f t e r  the  i n i t i a l  S^2 re a c t io n  w ith  SCI\l” .
The c o n d it io n s  f o r  the  ready e l im in a t io n  o f e i t h e r  hydrogen
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c h lo r id e  o r th io c y a n ic  a c id  are now f u l f i l l e d  and t h is  would seem 
to  be the  p re fe r re d  course o f re a c t io n  to  g iv e  e i th e r  ( LX111) o r 
(L X IV ), bo th  o f which are capab le  o f p o ly m e r is a tio n ,  r a th e r  than  
a f u r t h e r  ^ 2  re a c t io n  to  g ive  the  d e s ire d  p ro d u c t.
( L X I I ) ( L X I I I )  (LX IV )
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and sodium 
s u lp h i t e .
A no ther a tte m p t has been made to  a tta c h  a s u lp h u r atom 
d i r e c t l y  to  the  1 , 4 -d io x a n  nuc leu s  u s in g  sodium s u lp h i t e .  The 
p roblem  is  ana logous to  th a t  w ith  sodium o x a la te  and sodium 
m a lona te , th e re  be ing  no s u ita b le  s o lv e n t f o r  the  s u lp h ite  and 
d e s p ite  the  use o f s e v e ra l s o lv e n ts  the  d e s ire d  s u b s t i tu t io n  
re a c t io n  d id  n o t take  p la c e .
NN1-D im e th y l- 2 ,3 - d ito lu e n e -p -su lphonam ido -1 , 4-d io x a n .
In  a d d it io n  to  s u b s t i tu t io n  by s u lp h u r , s u b s t i t u t io n  by 
n it ro g e n  co u ld  w e ll le a d  to  some nove l compounds. T h is  has been 
accom plished  by the  is o la t io n  o f NN1-d im e th y l- 2 ,3 - d ito lu e n e - p -  
-su lp h o n a m id o -1, 4 -d io x a n , in  sm a ll y ie ld ,  from  the  re a c t io n  between 
( I )  and j^ -m e th y lto lu e n e -£ -s u lp h o n a m id e  in  e th e r  s o lv e n t .  A tte m p ts  
have been made to  in c re a se  the  y ie ld  by chang ing the  s o lv e n t ,  and 
bo th  the tem pera tu re  and the  d u ra t io n  o f the  re a c t io n  b u t w ith  no 
success . Owing to  the  lo w  y ie ld  o f m a te r ia l i t  has n o t p roved 
p o s s ib le  to  in v e s t ig a te  the  c h e m is try  o f t h i s  compound, however i t s
59
n .m .r .  spectrum  is  unusual in  th a t  i t  shows o n ly  a s in g le t  s ig n a l,  
a t  room te m p e ra tu re , f o r  the  p ro to n s  o f the  e th y le n e  m o ie ty . T h is  
shows th a t  the  s u b s t itu e n ts  are  t r a n s -  and th a t  the  m o lecu le  is  
undergo ing  ra p id  in te rc o n v e rs io n  between the  extrem e c h a ir  
c o n fo rm a tio n s , the  s ig n a l from  the  p ro to n s  co rre sp o n d in g  to  th a t  
from  t h e i r  average p o s i t io n .  The o n ly  o th e r example o f t h i s  
s te re o c h e m is try  is  t r a n s - 2,3 - d ip h e n y l- 1 »4 -d io xa n  re p o r te d  by 
C asp i e t  a l  ^
The re a c t io n  presum ably ta ke s  p lace  by a mechanism ana logous 
to  th a t  p o s tu la te d  to  accoun t f o r  the  fo rm a tio n  o f the  th io u ro n iu m  
s a l t ,  t h i s  le a d in g  to  the  t r a n s -  d ie q u a to r ia l  p ro d u c t.  T h is  shows 
severe s t e r ic  c row d ing  between the  two j^ -m e th y lto lu e n e - j3-su lphonam ide  
groups and to  a l le v ia te  t h is  the  m o lecu le  presum ably undergoes a 
c o n fo rm a tio n a l change to  the d ia x ia l  fo rm . In  t h i s  c o n fo rm a tio n  
re p u ls io n  between the  a x ia l  r in g  p ro to n s  and the  N -m ethy l groups 
presum ably causes the  in te rc o n v e rs io n  to  c o n t in u e .
The re a c t io n  m ix tu re  in  e th e re a l s o lu t io n  a f t e r  s ta n d in g  f o r  
f iv e  months d e p o s ite d  d i -1 - ( <N -m e th y lto lu e n e - jo -s u lp h o n a m id o )e th y l 
p e ro x id e . T h is  fo rm u la t io n  was made on the  b a s is  o f the  n .m . r .  
spectrum  and the  a n a ly s is  f ig u r e s  which to g e th e r  l im i t e d  the  
s t r u c tu re s  f o r  t h i s  compound to  tw o, (LXV) and (L X V I) . I t  was
dem onstra ted  th a t  t h i s  compound was the  p e ro x id e  (LX V I) by the  
l ib e r a t io n  o f io d in e  on tre a tm e n t w ith  po tass ium  io d id e  in  a c e t ic  
a c id  s o lu t io n .  The fo rm a tio n  o f the  p e ro x id e  may be e x p la in e d  on 
the  b a s is  o f a u to x id a t io n  o f d ie th y l  e th e r  to  g iv e  the
(LXV) (LX V I)
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©< -h yd ro xyp e ro xy  e th e r  ( L X V I l) .  T h is  undergoes f u r th e r  d ecom pos ition
to  g iv e  ace ta ldehyde  w hich then  re a c ts  w ith  JM-methy 1 to lu e n e - jo -  
-su lphonam ide  to  g ive  ( L X V I I I ) .  A b s tra c t io n  o f a hydrogen r a d ic a l  
from  the  h y d ro x y l group to g e th e r  w ith  the  co m b ina tio n  o f two o f  the  
f re e  r a d ic a ls  so produced, le a d s  to  the  p ro d u c t o b ta in e d *
The rem a inder o f the  work has been concerned w ith  the  
c o n fo rm a tio n a l a n a ly s is  o f s e v e ra l known c h lo ro -  d e r iv a t iv e s  
o f 1, 4 -d io xa n  and the  re a c t io n s  o f some o f these  w ith  c o n c e n tra te d  
s u lp h u r ic  a c id *
2-C h lo ro -1 , 4-d io x e n e ,
T h is  compound, p repared  by the  d e h yd ro h a lo g e n a tio n  o f  ( I ) ,  
shows an AA’ BB' p a t te rn  from  the  p ro to n s  o f the  e th y le n e  m o ie ty  
in  the  n *m *r*  spectrum  f o r  s o lu t io n  in  bo th  benzene and 
d e u te r io c h lo ro fo rm *  T h is  shows th a t  the  m o lecu le  i s  in te r c o n v e r t in g  
w ith  i t s  m ir r o r  image m o le cu le , f o r  i f  the  c o n fo rm a tio n  were 
r i g id  an ABCD p a tte rn  would be e xp e c te d . I t  i s  p o s s ib le  to  e x t r a c t  
the  fo l lo w in g  s e ts  o f param eters  by com puter a n a ly s is  (see 
C hapte r 3 ) •
Benzene s o lu t io n
ch3-c h -o -c h 2-c h 3
CH -C(H)-0H
I
N-CH„
00H S02 -C6H4 -CH3
( L X V I I I )(L X V II)
6.51 JA = JB = -1 3 .2 4  Hz
'tg  = 6 .6 6 J 2 .29  Hz
J 1 5 .58  Hz
D e u te r io c h lo ro fo rm  s o lu t io n
~CA = 5 .8 2  J -  J D = -1 3 .4 0  Hz
A  A d
= 6 .00  J = 2 .25  Hz
B
J* = 5 .6 4  Hz
The va lu e s  o f the  c o u p lin g  c o n s ta n ts  c o n firm  th a t  t h i s  
m o lecu le  i s  undergo ing  ra p id  in te rc o n v e rs io n  and th a t  the  d ioxan  r in g  
is  c o n s id e ra b ly  f la t te n e d  compared to  th a t  in  o th e r 1 ,4 -d io x a n s . T h is  
would be expected  f o r  the  presence o f the  doub le  bond would cause the  
d ioxan  r in g  to  take  up the  h a l f  c h a ir  c o n fo rm a tio n .
2, 2- D ic h lo r o - 1 , 4-d io x a n .
T h is  compound is  p repared  from  2 -c h lo ro -1 , 4 -d ioxene  by the  
a d d it io n  o f hydrogen c h lo r id e .  C o n s ide ra b le  d i f f i c u l t y  was 
encoun te red  in  the  p re p a ra t io n  o f t h i s  compound owing to  i t s
30ready e l im in a t io n  o f hydrogen c h lo r id e .  In  the  o r ig in a l  work one
d i s t i l l a t i o n  under reduced p re ssu re  was s u f f i c i e n t  to  e f f e c t  
p u r i f i c a t io n ,  however d i s t i l l a t i o n  a t  our hands a lw ays le d  to  
la rg e  amounts o f 2- c h lo r o - 1 , 4 -d ioxe n e  be ing  produced, th e re  be ing  
none p re se n t b e fo re  d i s t i l l a t i o n .  Heat is  known to  in c re a se  th e  
ra te  o f e l im in a t io n  b u t even keep ing the  tem pe ra tu re  o f th e  re a c t io n  
m ix tu re  to  l i t t l e  above room te m p e ra tu re , no c h lo ro d io x e n e  f r e e  
f r a c t io n  co u ld  be is o la te d .  A l l  s p e c t ra l d e te rm in a tio n s  were 
th e re fo re  c a r r ie d  o u t on the  re a c t io n  m ix tu re  b e fo re  d i s t i l l a t i o n  
was a tte m p te d . The n .m . r .  spectrum , in  d e u te r io c h lo ro fo rm  s o lu t io n ,  
showed a s in g le t  s ig n a l f o r  the  p ro to n s  on C -3 , t h i s  in d ic a t in g  th a t  
the  m o lecu le  is  undergo ing  ra p id  in te rc o n v e rs io n  w ith  i t s  m ir r o r  
image m o le cu le , and an AA'BB’ p a t te rn  from  the  p ro to n s  o f  the  
e th y le n e  m o ie ty . I t  i s  p o s s ib le  (see C hapte r 3) to  e x t r a c t  th e
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fo l lo w in g  param eters w hich c o n firm  th a t  the  m o lecu le  i s  undergo ing  
ra p id  in te rc o n v e rs io n ,  these va lu e s  be ing  w ith in  the  ranges expected  
and in d ic a t in g  l i t t l e  d is t o r t io n  o f the  d ioxan  r in g *
= 5 .87  J* = 6 .48  Hz
%  = 6 .19  J = 3 .0 0  HzD
I t  was n o t p o s s ib le  to  de te rm ine  the  va lue  o f the  gem ina l c o u p lin g  
c o n s ta n ts  a c c u ra te ly  b u t t h i s  does n o t a f f e c t  any d e d u c tio n s  th a t  
may be made co nce rn in g  the  c o n fo rm a tio n  o f t h i s  m o le c u le .
2 .2 ,3 - T r ic h lo r o - 1 , 4-d io x a n .
T h is  compound is  p repa red  by th e  a d d it io n  o f c h lo r in e  to  
2 -c h lo ro -1 , 4 -d io x e n e • The n .m . r .  spectrum  o f t h i s  compound, in  b o th  
benzene and carbon te t r a c h lo r id e  s o lu t io n s ,  shows an ABCD p a t te rn  
from  the  fo u r  p ro to n s  o f the  e th y le n e  m oie ty#  A r ig o ro u s  a n a ly s is  
o f the  ABCD p a tte rn  re q u ire s  the  use o f a com puter (see C hapte r 3) 
owing to  the  s tro n g  in te r a c t io n s  between the  n u c le i .  I t  i s  p o s s ib le  
to  deduce the  c o n fo rm a tio n  o f  t h i s  m o lecu le  to  be w ith  th e  r in g  in  
the  r i g i d  c h a ir  c o n fo rm a tio n  w ith  the  two t r a n s -  c h lo r in e  atoms
a x ia l  and the  o th e r e q u a to r ia l ( LX IX ) .
/
Cl
(LX IX )
C o n s id e rin g  the  n .m . r .  spectrum  o f ( I )  in  carbon t e t r a c h lo r id e  
14s o lu t io n  the  d if fe re n c e  in  chem ica l s h i f t  between the  two s e ts  
o f p ro to n s  o f the  e th y le n e  m o ie ty  is  0 .66  p .p .m .,  w ith  the  a x ia l  
p ro to n  s ig n a ls  d o w n fie ld , X  u 5 .6 4 , 6 .3 0 . The a d d it io n  o f  th en rlax eq
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t h i r d  c h lo r in e  atom would r e s u l t  in  a l l  o f  the  p ro to n  s ig n a ls  be ing  
moved d o w n fie ld  by an amount r e la te d  to  the  d is ta n c e  o f  each o f the  
p ro to n s  from  t h is  c h lo r in e  a tom . The d is ta n c e  o f each o f these  
p ro to n s  from  the  t h i r d  c h lo r in e  atom, measured from  D re id in g  m odels, 
i s  4 .1 , H2 4 .5 ,  4 .5  and 5 .6  A, and t h is  would th e re fo re  be
the  expected  o rd e r o f the  p ro to n  s ig n a ls  from  the  low  f i e l d  end o f 
the  spec trum . T h is  o rd e r i s  a ls o  o b ta in e d  i f  the  combined d is ta n c e  o f 
each p ro to n  from  the  th re e  c h lo r in e  atoms is  m easured. The chem ica l 
s h i f t s  o f the  fo u r  p ro to n s  were e s tim a te d  on t h i s  b a s is  and th e  va lu e s  
o f  the  c o u p lin g  c o n s ta n ts  used were o b ta in e d  by c o n s id e ra t io n  o f  the  
va lu e s  o b ta in e d  from  o th e r r i g id  1 ,4 -d io x a n s . T h is  a n a ly s is  le d  to  
the  fo l lo w in g  s e t o f p a ram e te rs .
11
VX 5 .59 ” 1 2 = 11.63 Hz
^ 2  =
5 .62 -1 3 = -11 .91 Hz
^ 3  =
5.99 ~14 3 .6 4 Hz
6.30 -2 3 3 .49 Hz
-2 4 = -1 2 .4 2 Hz
-3 4 = 0 .87 Hz
C o n s id e rin g  f i r s t l y  the  chem ica l s h i f t  d a ta , the  a d d it io n  
o f the  t h i r d  c h lo r in e  atom has l i t t l e  e f f e c t  on the  chem ica l s h i f t s  
o f the  two a x ia l  p ro to n s , th a t  n e a re r to  the  c h lo r in e  atom be ing  
moved s l i g h t l y  f u r t h e r  d o w n f ie ld .  The chem ica l s h i f t  o f  the  e q u a to r ia l  
p ro to n  fu r t h e r  from  t h is  added c h lo r in e  atom is  a ls o  h a rd ly  a f fe c te d ,  
i t  i s  th a t  o f the  e q u a to r ia l p ro to n  n e a re r to  the  c h lo r in e  atom w hich  
is  a f fe c te d  m ost, be ing  moved d o w n fie ld  by some 0 .3  p .p .m . T h is  is  
a ls o  found to  be the  case in  benzene s o lu t io n  the  param eters o b ta in e d  
be ing  shown be low .
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nr
Hi
* V
6.25 - 1 2 = 11.64 Hz
6.26 - 1 3 = -11 .96 Hz
r ” 3  =
6.81 - 1 4 = 3 .69 Hz
7.12 -2 3 = 3 .32 Hz
—24 = -12 .3 0 Hz
- 3 4 0.98 Hz
The va lu e s  o f the  c o u p lin g  c o n s ta n ts  o b ta in e d  f o r  bo th
s o lu t io n s  compare ve ry  c lo s e ly ,  the  g re a te s t  d isc re p a n cy  be ing
in  the  va lu e  o f the  e q u a to r ia l- e q u a to r ia l  c o u p lin g  c o n s ta n t,
These va lu e s  compare w e ll w ith  those o b ta in e d  f o r  o th e r
14 16 87t r a n s - 2 ,3 - d is u b s t i tu te d - 1 , 4 -d io x a n s , * * and suggest th a t  the
ang le  is  decreased s l i g h t l y  compared w ith  th a t  in  ( I ) .
I f  t h is  is  the  case the va lu e  o f is  s l i g h t l y  h ig h e r than has
been p re v io u s ly  re p o r te d  a lth o u g h  o n ly  two compounds o f t h is
s te re o c h e m is try  and c o n fo rm a tio n  have been s tu d ie d ,  the  va lu e s
16 14o b ta in e d  be ing  0 .2  Hz and 0 .59  Hz f o r  t r a n s - 2 ,3 - d ic h lo r o - 1 . 4 -
8y
-d io x a n  and 0 .62  Hz f o r  t ra n s -2 ,3 - d im e th y l- 1 , 4 -d io x a n . The e r r o r  
in  the  d e te rm in a tio n  o f the  c o u p lin g  c o n s ta n ts  f o r  2 ,2 ,3 - t r i c h lo r o - 1 , 4 -  
-d io x a n  is  + 0 .3  Hz, t h is  r e la t i v e l y  la rg e  e r r o r  be ing  due to  
in co m p le te  re s o lu t io n  o f many o f the  t r a n s i t io n s ,  and the  va lu e  o f t h i s  
c o u p lin g  c o n s ta n t may in  f a c t  be n e a re r to  the  va lu e s  a lre a d y  o b ta in e d .
2 .3 .5 .6-T e t ra c h lo ro - 1 , 4-d io x a n s .
Theory re q u ire s  f iv e  s te re o is o m e rs  (LXX) -  (LXXIV) f o r  the
2 .3 .5 .6 - te t r a c h lo r o - 1 , 4 -d io x a n s , w ith  th re e  o f them in ca p a b le  o f 
e x is te n c e  in  o p t ic a l ly  a c t iv e  fo rm s . A l l  f i v e  a re  known, and fo u r  
o f th e se , and hence the f i f t h ,  have been id e n t i f i e d ^ *  88*89 ^y 
c o n s id e ra t io n  o f X -ra y  d i f f r a c t io n  and some n .m . r .  and d ip o le
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moment d a ta .
C l
O'
CO.
C l
C l
(LXX) (LX X I) (L X X II)
C l
,C1
C l
C l,0
1 C1
Cl
( L X X II I )
The 60 MHz n .m . r .  spectrum  o f the  isom er m .p . 7 0 ° , f o r  
s o lu t io n  in  d e u te r io c h lo ro fo rm , c o n s is ts  o f fo u r  s ig n a ls  each o f 
which appears to  be a d o u b le t.  I f  the  100 MHz spectrum  is  examined 
o n ly  the  s ig n a l a t  h ig h e s t f i e l d  appears to  be a d o u b le t,  and even 
these peaks show c o n s id e ra b le  b ro ad e n in g , the  r e s t  showing f in e  
s t r u c tu r e .  The chem ica l s h i f t s  and c o u p lin g  c o n s ta n ts  may be 
o b ta in e d  by in s p e c t io n  and are  shown be low .
3 .85  0 .6 , 2 .25  Hz
T 3 .9 1  0 .6 , 0 .6 , 2 .35  Hz
* t4 .1 4  0 .3 5 , 0 .6 , 2 .25  Hz
1 :4 .2 6  0 .3 5 , 2 .35 Hz
The v ic in a l  c o u p lin g  c o n s ta n ts  a re  ve ry  s im i la r  and i t  was necessa ry  
to  make use o f the  220 MHz spectrum  to  de te rm ine  these v a lu e s , 
a lth o u g h  the  spectrum  is  n o t as w e ll re s o lv e d  as th a t  a t  100 MHz, 
and the  va lu e s  o f the  lo n g -ra n g e  c o u p lin g  c o n s ta n ts  were d e te rm ined  
from  the  spectrum  o b ta in e d  a t  the  lo w e r o p e ra tin g  fre q u e n c y . The - - 
appearance o f the  spectrum  suggests  th a t  the  m o lecu le  has a r i g i d
c o n fo rm a tio n  in  s o lu t io n ,  t h is  be ing  suppo rted  by the  f a c t  th a t  
the  in f r a - r e d  a b s o rp tio n  spectrum  in  carbon te t r a c h lo r id e  s o lu t io n  
is  id e n t ic a l  w ith  th a t  in  the  s o l id  s ta te  (p o ta ss iu m  brom ide d is c  
o r N u jo l m u l l ) .  T h is  l im i t s  the  s t ru c tu re  o f t h i s  isom er to  e i t h e r  
(LX X I) o r the  re la te d  s t r u c tu re  (LXXV). The f i r s t  s t r u c tu re  (LX X I)
has th re e  e q u a to r ia l p ro to n s  and one a x ia l  w h ile  the  second (LXXV)
has th re e  a x ia l  p ro to n s  and one e q u a to r ia l .  I t  i s  p o s s ib le  to
d i f f e r e n t ia t e  between these  two p o s s ib i l i t i e s  by the  m agnitudes o f
the  v ic in a l  c o u p lin g  c o n s ta n ts . A llo w in g  f o r  s l i g h t  d is t o r t io n  o f
the  m o le cu le , f o r  con fo rm er (LX X I) the  two H-C-C-H d ih e d ra l a ng les
f o r  the  ethane re s id u e s  are  bo th  a p p ro x im a te ly  6 0 °, whereas f o r
con fo rm er (LXXV) one is  60° and one i s  1 80 °. The observed v ic in a l
c o u p lin g  c o n s ta n ts , 2 .25 and 2 .35  Hz, in d ic a te  c le a r ly  th a t  the
co n fo rm a tio n  (LX X I) o b ta in s ;  the  va lu e s  are  s l i g h t l y  lo w e r than
those p re d ic te d  from  the  K a^p lus e q u a tio n  because each carbon atom
c a r r ie s  two e le c tro n e g a t iv e  s u b s t i tu e n ts .  T h is  c o n fo rm a tio n  has
90a ls o  been co n firm e d  by the  use o f  n . q . r .  s p e c tro s c o p y . I t  i s  now 
p o s s ib le  to  a ss ig n  each o f these s ig n a ls  to  a s p e c i f ic  p ro to n .
There a re  two fa c to r s  in  t h i s  case, w hich de te rm ine  the  
r e la t iv e  chem ica l s h i f t s  o f the  p ro to n s . F i r s t l y  th e re  is  the  
c o n s id e ra t io n  w hether the  p ro to n  i s  a x ia l  o r e q u a to r ia l ,  and 
second ly  th e re  is  the  combined d is ta n c e  o f each p ro to n  from  the  
th re e  e le c tro n e g a t iv e  c h lo r in e  atoms on the  o th e r  carbon a tom s.
C l
C l
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U n fo r tu n a te ly  the  a b s o lu te  va lu e s  f o r  the  chem ica l s h i f t s  
o f the  a x ia l  and e q u a to r ia l p ro to n s  f o r  1 , 4 -d io x a n  in  the  r i g id  
c h a ir  co n fo rm a tio n  a re  n o t known, and the  b e s t model a v a i la b le  
would seem to  be b i - 1 , 3 -d io x a n -2 -y l,  in  w hich each r in g  is  in  the  
r i g id  c h a ir  c o n fo rm a tio n  w ith  the  s u b s t i tu e n t  e q u a to r ia l .  Fo r C -4 , 
the  e q u a to r ia l p ro to n  s ig n a l is  d o w n fie ld  from  th a t  from  the  a x ia l  
p ro to n  in  bo th  carbon te t r a c h lo r id e  and benzene s o lu t io n .  The 
d if fe re n c e  o f 0 ,38  p .p .m . f o r  carbon te t r a c h lo r id e  is  p ro b a b ly  ve ry  
near to  the  va lue  f o r  d e u te r io c h lo ro fo rm .
From a D re id in g  model o f con fo rm er (L X X I) , a llo w in g  f o r  s l i g h t  
d is t o r t i o n ,  f o r  each p ro to n  the  combined d is ta n c e  from  the  th re e  
c h lo r in e  atoms on the  o th e r carbon atoms is  H-2 1 0 ,4 , H-3 1 0 ,9 ,
H-5 1 2 ,2  and H-6  1 1 .4  A, the  o rd e r be ing  unchanged i f  th e re  is  no 
d is t o r t io n .
Each o f the  e x p e r im e n ta l p ro to n  s h i f t s ,  in  tu r n ,  can be 
c o rre c te d  by 0 .38  p .p .m ., to  o b ta in  a s e t o f  chem ica l s h i f t s  in  
which the  r e la t iv e  o rd e r u p f ie ld  i s  de te rm ined  s o le ly  by the  
combined d is ta n c e s  from  the  c h lo r in e  atom s. One o f these s e ts  is  
^ 3 . 7 6 ,  3 .8 5 , 3.91 and 4 .2 6 , w hich th e re fo re  co rresponds  to  H -2 ,
H -3 , H-6  and H -5, and t h is  le a d s  to  the  assignm ent o f the  o r ig in a l  
s ig n a ls  as "C 3 .85  H -3 , 'H 3.91 H -6, T 4 .1 4  H-2 and "C.4.26 H -5 . T h is  
i s  the  o n ly  s e t in  w hich a s e l f  c o n s is te n t  s e t o f param eters i s  
o b ta in e d  in v o lv in g  the  v ic in a l  c o u p lin g  c o n s ta n ts . The lo n g -ra n g e  
c o u p lin g  c o n s ta n ts  are  then ass igned  as in d ic a te d ,  J„,_ -  0 .6 ,—JO
J^g = 0 .6  and J ^ .  = 0 .35  Hz. T h is  unambiguous assignm ent o f 
chem ica l s h i f t s  is  p a r t i c u la r ly  u s e fu l,  f o r  the  c is - t r a n s -  co n fo rm e r 
i s  the  b e s t model to  use f o r  e s t im a tin g  chem ica l s h i f t s  in  o th e r  
s te re o is o m e rs .
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The s te re o is o m e r o f m .p. 143° shows a s in g le  s ig n a l a t  X 3 .9 3  
in  d e u te r io c h lo ro f  orm s o lu t io n  and a t  T 3 .6 7  in  a c e to n e -e th e r 
s o lu t io n ,  in  the  n .m . r .  spec trum . B e fo re  c o n s id e ra t io n  o f which o f 
the  f iv e  s te re o is o m e rs  would be expected  to  g iv e  a s in g le  s ig n a l 
in  the  n .m . r .  spectrum , i t  must be re a lis e d  th a t  c o n fo rm a tio n  (LXX) 
may a ls o  e x is t  in  a n o th e r fo rm  (LXXVI) in  w hich a l l  o f  the  p ro to n s  
are in  a x ia l  p o s i t io n s .  In  t h i s  second fo rm  the  c h lo r in e - c h lo r in e
C l
Cl'
(LXXVI)
in te ra to m ic  d is ta n c e s  a long  the  s id e  o f the  d ioxan  r in g  a re  le s s  
than in  (LX X), e q u a lly  the  c h lo r in e - c h lo r in e  in te ra to m ic  d is ta n c e s  
ac ross  the  r in g  are g re a te r .  I t  shou ld  prove p o s s ib le  to  d i f f e r e n t ia t e  
between these two extrem es o f  c o n fo rm a tio n  s in c e  e q u a to r ia l p ro to n s  
resona te  d o w n fie ld  from  t h e i r  a x ia l  c o u n te rp a r ts .  C o n s id e rin g  
c o n fo rm a tio n s  (L X X I I I )  and (LX X IV ), i f  the  m o lecu les  were r i g i d  
two s ig n a ls  o f equa l in t e n s i t y  would be e xpec ted , whereas i f  the  
m o lecu les  were to  be r a p id ly  in te r c o n v e r t in g  between the  two 
extrem e c h a ir  c o n fo rm a tio n s  a s in g le  s ig n a l would be expec ted  a t  
a p o s i t io n  in te rm e d ia te  between a x ia l  and e q u a to r ia l e x tre m e s .
The n .m . r .  spectrum  o f the  isom er o f m .p . 101° has been 
1 5in v e s t ig a te d  and found to  show a sharp  s in g le t  a t  X 3 .8 9  
(d e u te r io c h lo ro fo rm  s o lu t io n ) .  I t  was argued by C asp i and cow orke rs  
th a t  s in ce  the  p o s i t io n  o f t h i s  s ig n a l was a t  lo w e r f i e l d  than  the  
s ig n a ls  found  in  e i t h e r  t ra n s - .  found  a t  714.05, o r c i s - 2,3 - d ic h lo r o -  
- 1, 4 -d io x a n , found  a t  X 4 .3 0 ,  these  p ro to n s  must be in  e q u a to r ia l
p o s i t io n s *  The c r y s ta l  s t ru c tu re  o f t h i s  compound has been 
20in v e s t ig a te d  and shows the  c h lo r in e  atoms to  be in  a x ia l  p o s it io n s  
t h i s  seem ing ly  c o n f irm in g  the  ass ignm ent made on the  b a s is  o f  the  
n *m *r. spectrum * I t  must however be remembered th a t  the  c o n fo rm a tio n  
in  the  c r y s ta l  is  de te rm ined  in  p a r t  by the  b in d in g  energy and 
a n o th e r c o n fo rm a tio n  may o b ta in  in  s o lu t io n *
15I f  we c o n s id e r the  r e s u l t  o f  C asp i e t  _al* w ith o u t any 
f u r t h e r  ev idence  we are  fo rc e d  to  the  c o n c lu s io n  th a t  the  isom er o f  
m.p* 101° ,  in  s o lu t io n  is
( i )  e n t i r e ly  in  the  fo rm  (LX X );
( i i )  e n t i r e ly  in  the  fo rm  (LX X V I); o r
( i i i )  we a re  d e a lin g  w ith  the  e q u i l ib r iu m  (LXX) ^ (L X X V I) ,  and 
the  s ig n a l a t  X  3 .89  re p re s e n ts  the  average a x ia l - e q u a to r ia l  
p o s i t io n *
I t  i s  f i r s t l y  necessary to  de te rm ine  w hether the  s ig n a l a t  
X  3*89 from  the  isom er o f m.p* 101° i s  the  same s ig n a l observed 
a t  " t3 .9 3  from  the  isom er o f m*p* 143°, and to  t h i s  end i t  was found  
th a t  in  bo th  d e u te r io c h lo ro fo rm  and a c e to n e -e th e r s o lu t io n s  a 
m ix tu re  o f these  two isom ers gave an u n re so lve d  s in g le t  a t  room 
te m p e ra tu re •
I t  would seem th a t  the  isom er o f m*p* 143° can o n ly  g iv e  a
s ig n a l c o in c id e n t  w ith  th a t  o b ta in e d  by C asp i i f ;
( i )  we are  d e a lin g  w ith  the  average a x ia l - e q u a to r ia l  p o s i t io n
o r
( i i )  the  s ig n a l is  c o n c e n tra t io n  dependent and f o r t u i t o u s ly  
f a l l s  in  t h i s  p o s i t io n .
The s ig n a l was found  n o t to  be c o n c e n tra t io n  dependent and 
i t  was dem onstra ted th a t  the  s ig n a l re p re s e n ts  the  average a x ia l -
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- e q u a to r ia l  p o s i t io n  by c o o lin g  i t s  s o lu t io n  in  a c e to n e -e th e r 
s o lv e n t ,  whereupon a t  -7 0 °  the  s ig n a l began to  broaden and a t  
-9 0 °  had se pa ra ted  in to  a p a ir  o f  d o u b le ts , w ith  J[ a p p ro x im a te ly  
2 Hz, the  s e p a ra tio n  between the  s ig n a ls  be ing  0 .9  p .p .m . The 
s e p a ra tio n  in to  two s ig n a ls  showing c o u p lin g  e lim in a te s  two 
p o s s ib i l i t i e s ,  the  t r a n s - s y n - t r a n s -  (LXX) and the  t r a n s - a n t i - t r a n s -  
(LXXIV) s te re o is o m e rs , and in d ic a te s  th a t  a t  room tem pe ra tu re  
the  spectrum  is  th a t  o f  the  e q u i l ib r iu m  m ix tu re  o f e i t h e r  the  
c is - s y n - c is -  (LXXIID  o r the  c i s - a n t i - c i s -  (L X X Il)  co n fo rm e r, each 
o f  which in te r c o n v e r ts  w ith  an id e n t ic a l  m o le c u le .
The change in  go ing  from  the c is - t r a n s -  con fo rm er (LX X I) to  
( L X X I I l)  is  s im p ly  a change o f C l-6  from  a x ia l  to  e q u a to r ia l .  Thus 
the  e s tim a te d  chem ica l s h i f t s  f o r  e q u a to r ia l and a x ia l  p ro to n  
s ig n a ls  f o r  the  l a t t e r  are X  4 .26  and > X 4 .1 4  re s p e c t iv e ly ,  f o r  
d e u te r io c h lo ro fo rm  s o lu t io n ,  which g iv e s  an e q u i l ib r iu m  va lu e  o f 
> X 4 .2 0 . S im i la r ly  the  change in  go ing  from  the  c is - t r a n s -  con fo rm e r 
(LX X I) to  (L X X Il)  i s  s im p ly  a change o f C l-5  from  a x ia l  to  
e q u a to r ia l ,  and the  e s tim a te d  chem ica l s h i f t s  f o r  e q u a to r ia l and 
a x ia l  p ro to n  s ig n a ls  f o r  the  l a t t e r  are  T 3 .9 1  and <Cfc4.14 
r e s p e c t iv e ly ,  w hich g iv e s  an e q u i l ib r iu m  va lu e  o f 4 .X 4 .0 3 .  T h is  
enab les  the  isom er o f m .p . 143° to  be ass igned  the  c i s - a n t i - c i s -  
s te re o c h e m is try •
The in f r a - r e d  a b s o rp tio n  spectrum  a ls o  c o n firm s  th a t  the  
c o n fo rm a tio n  in  carbon te t r a c h lo r id e  s o lu t io n  is  n o t th a t  in  the  
s o l id  _i*e . N u jo l m u ll .
I t  may be no ted  th a t  the  e s tim a te  o f the  chem ica l s h i f t  
f o r  the  p ro to n  s ig n a l from  the t r a n s - s y n - t r a n s -  is  X 3 .8 5  f o r  the  
co n fo rm a tio n  w ith  a l l  o f  the  p ro to n s  e q u a to r ia l (LXX) and > X 4 .1 4
f o r  the  c o n fo rm a tio n  w ith  a l l  the  p ro to n s  a x ia l  (L X X V I). The isom er
o f m .p . 101° has the  c o n fo rm a tio n  (LXX) in  the  s o l id  s ta te  and
the  n .m . r .  spectrum , f o r  d e u te r io c h lo ro fo rm  s o lu t io n ,  i s  a s in g le t
a t  ~C3 .93  ( '£ 3 .8 9  in  r e f .  1 5 ) .  Thus the  c o n fo rm a tio n  may w e ll  be
15the  same in  s o lu t io n  as suggested , a lth o u g h  the  in f r a - r e d  
a b s o rp tio n  spectrum  in  carbon te t r a c h lo r id e  s o lu t io n  i s  n o t id e n t ic a l  
w ith  th a t  o f  the  s o l id ,  s u g g e s tin g  a n o th e r c o n fo rm a tio n  is  a ls o  
p re s e n t, however i f  th e re  i s  an e q u i l ib r iu m  m ix tu re  the  co n fo rm e r 
(LXX) la r g e ly  p re d o m in a te s .
The re a c t io n  between some c h lo ro -1 , 4-d io x a n s  and c o n c e n tra te d
s u lp h u r ic  a c id .
The re a c t io n  between ( I )  and c o n c e n tra te d  s u lp h u r ic  a c id
was fo u n d ^  to  y ie ld  a compound, m .p . 143 -144°, to  w hich the
a l te r n a t iv e  s t ru c tu re s  (X V II)  and ( X V I I I )  were a s s ig n e d . F u r th e r  
57 58 91work 9 * has shown th a t  a t  le a s t  two p ro d u c ts  are  form ed w hich
are  s te re o is o m e rs  o f  4 ,4 ’ , 5 , 5 '- t e t r a c h lo r o b i - 1 ,3 - d io x o la n - 2 - y l  
( X V I I I ) .  One o f these  p ro d u c ts , m .p . 137 -139°, has been shown 
to  be a s te re o is o m e r in  w hich the  c h lo r in e  atoms a re  t r a n s -  in  
each r in g .
The re a c t io n s  between s e v e ra l c h lo r o - d e r iv a t iv e s  o f
1, 4 -d io xa n  and c o n c e n tra te d  s u lp h u r ic  a c id  have been s tu d ie d  and
show th a t  jc is - 2 ,3 - d ic h lo r o - 1 , 4 -d io xa n  and c is - t r a n s - 2 , 3 , 5 , 6-
te t r a c h lo r o - 1 , 4 -d io x a n , m .p . 7 0 °, s e p a ra te ly  g iv e  the  b id io x o la n y l
above, m .p . 137 -138°, and th a t  2 ,2 -d ic h lo r o - 1 , 4 -d io x a n ,
2, 2, 3 - t r ic h lo r o - 1 , 4 -d io xa n  and c i s - c i s - 2, 3 .5 . 6- t e t r a c h lo r o - 1 . 4 -
-d io x a n , m .p . 143°, show no a pp a re n t r e a c t io n .
58Two mechanisms have been c o n s id e re d  to  accoun t f o r  th e
fo rm a tio n  o f ( X V I I I )  from  ( I ) .  Thsse bo th  in v o lv e  the  fo rm a tio n  o f
1 , 2-d ic h lo ro e th y le n e  g ly c o l from  ( I ) 5 in  the  f i r s t  t h i s  then  re a c ts  
w ith  g ly o x a l,  a ls o  d e r iv e d  from  ( I ) ,  w h ile  in  the  second t h i s  re a c ts  
w ith  the  io n  (L X X V II) ,  d e r iv e d  from  ( I )  by th e  a b s t ra c t io n  o f  a 
c h lo r id e  io n ,  to  g iv e  the  a c e ta l (L X X V I I I ) ,  The mechanism now
resem bles th a t  a c co u n tin g  f o r  the  fo rm a tio n  o f b i- 1 ,3 - d io x a n - 2 - y l  
from  t r im e th y le n e  g ly c o l .
An a l t e r n a t iv e  s im i la r  to  t h i s  i s  t o t a l l y  ana logous to  th a t  
a cco u n tin g  f o r  the  fo rm a tio n  o f b i - 1 , 3 -d io x a n -2 -y l e tc ,
A new fa c to r  w h ich  seems to  c o n f l i c t  w ith  the  suggested  
mechanism is  th a t  c is - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  i s  a s a t is fa c to r y  
p re c u rs o r .  The g ly o x a l m o ie ty  may s t i l l  a r is e  in  the  manner 
suggested o r ig in a l l y ,  b u t i t  i s  c le a r  th a t  th e  d ic h lo ro e th a n e  re s id u e s  
o f  the  re q u ire d  s te re o c h e m is try  canno t be accounted f o r  in  t h i s  
way. There a re  fo u r  a l te r n a t iv e s  to  be c o n s id e re d ; e i t h e r  th e  c i s -  
-d ic h lo ro d io x a n  is  iso m e rise d  to  th e  t r a n s - ,  o r the  im m ediate 
p re c u rs o r o f  ( X V I I I )  may be the  s te re o is o m e r w ith  the  c h lo r in e  
atoms c is -  in  each r in g ,  t h i s  be ing  is o m e ris e d , o r bo th  the  c i s -  
and t r a n s -d ic h lo ro d io x a n s  a re  tra n s fo rm e d  in to  ( X V I I I )  v ia  a 
common in te rm e d ia te ,  o r the  mechanism o f  fo rm a tio n  is  d i f f e r e n t  
in  the  two cases .
I t  i s  n o t easy to  see what fo rm  a common in te rm e d ia te  may 
ta k e , and i t  seems unnecessary to  c o n s id e r two mechanisms f o r  
is o m e r is a t io n  may be r e a d i ly  e n v isa g e d . P ro to n a t io n  o f th e  c y c l ic
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e th e r  fo l lo w e d  by r in g  opening on the  c h lo r in e  c o n ta in in g  s id e
would then  y ie ld  the  io n  (X X X I) . T h is  carbonium  io n  is  p la n a r
and re fo rm a tio n  o f  the  r in g  would be expected  to  y ie ld  the  more
4
s ta b le  p ro d u c t*  There i s  ample ev idence  th a t  the  t ra n s -  isom er 
i s  the  more s ta b le ,  and is o m e r is a t io n  o f  the  c i s -  isom er i s  
a lre a d y  known th rou g h  the  agency o f  a c a t a ly t i c  amount o f  
a lum in ium  t r i c h lo r id e  o r by h e a t*
The te t ra c h lo ro d io x a n  o f m*p* 143°, 2 , 2 -d ic h lo r o - 1 ,4 -d io x a n ,  
and 2, 2, 3 - t r ic h lo r o - 1 ,4 - d io x a n  f a i le d  to  produce any s o l id  
p ro d u c t on tre a tm e n t w ith  s u lp h u r ic  a c id *  The te t ra c h lo ro d io x a n  
d is s o lv e d  in  the  a c id  a f t e r  s e v e ra l days and h y d ro ly s is  was shown 
to  have taken  p lace  by the  id e n t i f i c a t io n  o f g ly o x a l,  as the  
b is -2 ,4 -d in it ro p h e n y lh y d ra z o n e ,  in  the  re a c t io n  m ix tu re *  The 
s te re o c h e m is try  o f the  c h lo r in e  atoms is  ana logous to  th a t  in  
j c is - 2,3 - d ic h lo r o - 1 , 4 -d io xa n  and i t  seems l i k e l y  th a t  is o m e r is a t io n  
c o u ld  take  p la c e , in  the  manner o u t l in e d  above, to  g iv e  the  
d ic h lo ro e th a n e  re s id u e s  o f the  re q u ire d  s te re o c h e m is try ,  however 
h y d ro ly s is  seems to  be the  p re fe r re d  course o f  re a c t io n *
In  the  case o f b o th  2 ,2 -d ic h lo ro -1 ,4 -d io x a n  and 2 ,2 ,3 -  
- t r ic h lo r o - 1 ,4 - d io x a n ,  g ly o x a l b is -2 ,4 -d in it ro p h e n y lh y d ra z o n e  
was is o la te d  from  the  re a c t io n  m ix tu re s  a f t e r  tre a tm e n t w ith  
B rady ’ s re a g e n t, in  the  l a t t e r  case to g e th e r  w ith  the  2 , 4 - d in i t r o -  
phenylhydrazone o f  g ly o x y l ic  a c id *  In  the  case o f  the  d ic h lo ro d io x a n  
h y d ro ly s is  would le a d  to  g ly c o l l i c  a c id  and e th y le n e  g ly c o l 
w h ile  from  the  t r ic h lo r o d io x a n ,  g ly o x y l ic  a c id  and e th y le n e  
g ly c o l would be e xpec ted * On the  b a s is  o f the  p o s tu la te d  
mechanisms the  expected  p ro d u c ts  would n o t g iv e  g ly o x a l on 
h y d r o ly s is .  The g ly o x a l p ro b a b ly  a r is e s  from  ( I )  p re s e n t as an
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im p u r ity  fro m  the  i n i t i a l  p re p a ra t io n  o f 2- c h lo r o - 1, 4 -d io x e n e , t h i s  
be ing  an in te rm e d ia te  in  the  p re p a ra t io n  o f  b o th  the  d ic h lo r o -  and 
t r ic h lo r o d io x a n s .  To o b ta in  a s p e c tro s c o p ic a lly  pure sample o f 
e i t h e r  the  d ic h lo r o -  o r t r ic h lo r o d io x a n  re q u ire d  s e v e ra l d i s t i l l a t i o n s  
under reduced p re s s u re , however d u r in g  the  p re p a ra t io n s  o f  these  
samples f o r  t h i s  f u r t h e r  re a c t io n  o n ly  one d i s t i l l a t i o n  was c a r r ie d  
o u t,  presum ably le a v in g  a sm a ll amount o f ( I )  as im p u r ity #
The re a c t io n  between 2 ,2 - d ic h lo r o - 1 , 4 -d io x a n  and c o n c e n tra te d  
s u lp h u r ic  a c id  proceeds by the  e l im in a t io n  o f hydrogen c h lo r id e  
to  g iv e  c h lo ro d io x e n e  w h ich , under the  in f lu e n c e  o f  the  s tro n g  a c id ,  
p o ly m e r is e s , w h ile  2, 2, 3 - t r ic h lo r o - 1 , 4 -d io x a n , under th e  a c t io n  o f  
the  s tro n g  a c id ,  i s  hyd ro lyse d #
THE ANALYSES OF SPECTRA
C hapte r 3
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The ana lyse s  o f  s p e c tra
The n .m . r .  s p e c tra  o f 1 ,4 -d io x a n s  have n o t been in v e s t ig a te d  
as e x te n s iv e ly  as have those  o f 1 ,3 -d io x a n s , a lth o u g h  the y  can 
ve ry  e a s i ly  enab le  the  c o n fo rm a tio n  o f the  m o lecu le  to  be 
d e te rm in e d . The in v e s t ig a t io n s  p re v io u s ly  c a r r ie d  o u t have been 
a lm o s t e x c lu s iv e ly  concerned w ith  2 ,3 -d is u b s t i tu te d -1 ,4 -d io x a n s ,  
a lth o u g h  the  same argum ents may be used to  p r e d ic t  the  s p e c tra  
from  2, 2- d is u b s t i t u te d  and a ls o  t r is u b s t i t u t e d  d e r iv a t iv e s .
C o n s id e ra b le  c o n fu s io n  has e x is te d  co n ce rn in g  the  c o n fo rm a tio n s  
o f c e r ta in  1 ,4 -d io x a n s . The n .m . r .  s p e c tra  o f c is - 2 ,3 - d ic h lo r o - 1 . 4 -
15
-d io x a n  was in te r p r e te d  in  term s o f the  m o lecu le  e x is t in g  in  a
r i g i d  b oa t c o n fo rm a tio n  w ith  the  c h lo r in e  atoms d ie q u a to r ia l  and
52e c lip s e d .  T h is  was d is p u te d  on the  b a s is  o f d ip o le  moment 
measurements, which suggested t h a t  the  m o lecu le  was in  f a c t  in  the  
c h a ir  fo rm  w ith  the  s u b s t itu e n ts  d ie q u a to r ia l .  A r ig o ro u s  a n a ly s is
75o f the  AA'BB1 p a t te rn  in  the  n .m .r .  spectrum  le d  to  the  c o n c lu s io n
th a t  the  m o lecu le  i s  in  the  c i s -  c o n f ig u ra t io n  undergo ing  ra p id
c h a i r - c h a i r  in te rc o n v e rs io n  a t  room te m p e ra tu re . T h is  c o n c lu s io n
has been c o n f irm e d ^ *  ^  by f u r t h e r  a n a ly s is  o f the  n .m . r .  sp e c tru m .
The n .m .r .  spectrum  o f  the  n ap h thod ioxan , m .p . 1 2 8 -1 3 2 °, has 
15been ana lysed  in  term s o f the  d ioxan  r in g s  e x is t in g  in  r i g i d  c h a ir
c o n fo rm a tio n s  w ith  the  hydrogen atoms a t  the  r in g  ju n c t io n  b e in g  in
37a x ia l  p o s i t io n s .  A l a t e r  r ig o ro u s  a n a ly s is  o f the  spectrum  shows 
th a t  t h i s  i s  in  f a c t  a m ob ile  m o lecu le  c o n s is t in g  o f  two c i s -  
fuse d  c h a ir s .
C o n s id e ra t io n  o f the  n .m . r .  spectrum  o f the  2 ,3 -d ip h e n y l-  
o 15-1 ,4 -d io x a n ,  m .p . 130-132 , le d  to  the  c o n c lu s io n  th a t  the
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m olecu le  e x is te d  in  a r ig id  b oa t c o n fo rm a tio n  w ith  the  phenyl
groups in  the  a x ia l  p o s i t io n s *  The d ip o le  moment o f the  m o lecu le  
52ru le s  o u t the  p o s s ib i l i t y  o f the  r in g  e x is t in g  in  the  b o a t fo rm ,
and le d  to  the  c o n c lu s io n  th a t  t h i s  was in  f a c t  the  t ra n s -  isom er*
37A r ig o ro u s  a n a ly s is  o f the  spectrum  however shows th a t  the  
s u b s t i tu e n ts  a re  c i s -  and the  m o lecu le  i s  undergo ing  ra p id  
in te rc o n v e rs io n *
No m o lecu les  have been in v e s t ig a te d  in  w hich the  1 ,4 -d io x a n  
r in g  e x is t s  in  b oa t fo rm s , these  be ing  e n e r g e t ic a l ly  le s s  
fa v o u ra b le , and co nse q ue n tly  these w i l l  n o t be c o n s id e re d  in  g re a t 
d e t a i l .
There a re  fo u r  p o s s ib le  c o n fo rm a tio n s  f o r  a 2 ,3 - d is u b s t i tu te d -  
-1 ,4 -d io x a n  in  which the  d ioxan  r in g  e x is ts  in  the  c h a ir  fo rm * These 
are  w ith  the  s u b s t itu e n ts  c i s -  o r t ra n s -  and the  m o lecu le  e i t h e r  
r i g id  o r r a p id ly  in te r c o n v e r t in g  between the  extrem e c h a ir  fo rm s , 
each o f these c o n fo rm a tio n s  g iv in g  r is e  to  i t s  own in d iv id u a l  type  
o f n *m *r* spectrum *
I f  the  s u b s t itu e n ts  are  c i s -  and the  d ioxan  r in g  i s  r i g i d  
we would e xpe c t to  see two s ig n a ls  from  the  p ro to n s  on C-2 and C -3 , 
each o f the  o th e r  co n fo rm a tio n s  g iv in g  a s in g le t  f o r  these  p ro to n s , 
and an ABCD type  o f p a t te rn  from  the  fo u r  p ro to n s  o f  the  e th y le n e  
m o ie ty , so f a r  t h is  type  o f spectrum  has o n ly  been observed from
44d im e th y l and d ie th y l  ( - ) - 1 ,4 ,5 ,8 - te t r a o x a d e c a l in - 2 ,3 - d ic a r b o x y la te  
in  which an AIYINX p a t te rn  i s  observed* I f  on the  o th e r  hand the  
s u b s t itu e n ts  were c is -  w ith  the  m o lecu le  r a p id ly  in te r c o n v e r t in g  
between the  extrem e c h a ir  fo rm s , we would e xpe c t to  see an AA’ BB'
p a t te rn  from  these p ro to n s , t h is  hav ing  been observed from
87 4 37 75c is -2 ,3 -d im e th y l-1 ,4 -d io x a n ,  c is - 2 ,3 - d ic h lo r o - 1 ,4 - d io x a n ,  9 9
£ is -1 ,4 ,5 ,8 -n a p h th o d io x a n , and c is -2 .3 -d ip h e n y l-1 ,4 -d io x a n
I f  the  m o lecu le  were r i g i d  w ith  the  s u b s t itu e n ts  in  t r a n s -  
p o s i t io n s ,  a ga in  an AA'BB' p a t te rn  would be expected  fro m  these  
fo u r  p ro to n s , and t h is  i s  observed from  t ra n s -2 ,3 - d ic h lo ro -1 ,4 - d io x a n
In  the  case o f the  r i g i d  c o n fo rm a tio n  w ith  the  t r a n s -  s u b s t i tu e n ts  
one a x ia l - a x ia l  c o u p lin g  c o n s ta n t o f 11 .3  to  1 2 .4  Hz and one 
e q u a to r ia l- e q u a to r ia l  c o u p lin g  c o n s ta n t o f 0 .2  to  0 .6  Hz would be 
expec ted , whereas f o r  th e  c is -  c o n fo rm a tio n  the  ra p id  in te rc o n v e rs io n  
causes the  a x ia l - a x ia l  c o u p lin g  o f one c o n fo rm a tio n  to  become th e  
e q u a to r ia l- e q u a to r ia l  c o u p lin g  o f the  o th e r ,  the  observed c o u p lin g  
c o n s ta n t be ing  between these  two e x trem es .
The c o n fo rm a tio n  w ith  the  s u b s t i tu e n ts  t r a n s -  and th e  m o lecu le
undergo ing  ra p id  in te rc o n v e rs io n  between the  extrem e c h a ir
c o n fo rm a tio n s  shou ld  g iv e  r is e  to  a s in g le  peak o n ly  fro m  these  fo u r
p ro to n s , t h i s  be ing  a t  th e  average o f  the  p o s i t io n s  o f the  a x ia l
15and e q u a to r ia l p ro to n s . T h is  so f a r  has o n ly  been re p o r te d  f o r  
t r a n s - 2 ,3 - d ip h s n v l- 1 , 4 -d io x a n .
The system s under c o n s id e ra t io n  have been m a in ly  those  
d iscu ssed  above, a lth o u g h  owing to  the  d iv e rs e  p ro d u c ts  o b ta in e d  
from  the  re a c t io n s  o f ( I ) ,  two s ix  p ro to n  system s have a ls o  been
87and from  t ra n s -2 ,5 -d im e th y l-1 ,4 -d io x a n ,  b u t t h i s  case can be
d i f f e r e n t ia t e d  from  the  p re v io u s  case from  the  va lu e s  o f the
c o u p lin g  c o n s ta n ts  in v o lv e d .
t r a n s -  r i g i d c is -  in te r c o n v e r t in g
-1 1 .7  to  -1 2 .5  Hz 1 1 .6  to  -1 2 .2  Hz
2 .7  to  4 .0  Hz 6 .3  to  6 .5  Hz
0 .2  to  0 .6  Hz 3 .0  to  3 .2  Hz
1 1 .3  to  1 2 .4  Hz 3 .0  to  3 .2  Hz
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c o n s id e re d . The m a jo r i ty  o f the  s p e c tra  o b ta in e d  show an AA'BB' 
p a t te rn ,  t h i s  n e c e s s ita t in g  a r ig o ro u s  a n a ly s is  b e fo re  the  
c o n fo rm a tio n  o f the  m o lecu le  can be ass igned  w ith  c e r t a in t y ,  and 
s e v e ra l methods have been used to  c a r ry  o u t these  a n a ly s e s .
2 ,3 ,4ao( , 10a©( -T e tra h vd ro b e n zo  b - 1 , 4- d io x in o  [2, 3-eJ - 1 , 4- d io x in . 
The f i r s t  method, used i n i t i a l l y  f o r  th e  a n a ly s is  o f  the
- 1 , 4 -d io x in oAA'BB' p a t te rn  from  2 ,3 ,4a© <,1  O aoC -te trahydrobenzo
76, 4 - d io x in ,  was th a t  d e s c r ib e d  by Abraham. The AA'BB' system  is  
d e s c r ib e d  in  term s o f the  fo l lo w in g  p a ra m e te rs :
L = J -  J '
[2, 3.
K = Jfl ♦ Jg
m = 4  - 4 N = J
th e  va lu e s  o f K, L , M and N be ing  o b ta in e d  from  the  spectrum , by 
a s s ig n in g  t r a n s i t io n  numbers to  the  observed l in e s ,  and from  the  
e n e rg ie s  o f these  t r a n s i t io n s ,  measured in  Hz from  the  m id -p o in t  
o f  th e  spectrum , and the  fo l lo w in g  e q u a tio n s , i t  i s  p o s s ib le ,  in  
t h i s  case, to  o b ta in  a s e l f  c o n s is te n t  s e t  o f  va lu e s  f o r  the  
c o u p lin g  c o n s ta n ts  and the  d if fe re n c e  in  chem ica l s h i f t s .  I f  J A -  J D—A ” D
is  ve ry  s m a ll,  as in  t h i s  case, (VI -  0 o r ve ry  n e a r ly  so, and 
t r a n s i t io n s  9 and 10 become degenera te  as do t r a n s i t io n s  11 and 
1 2 . The e q u a tio n s  used are  th e re fo re
1 -  3 -  N
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**■ 7 -2_
5 + 8V- = N + ^
6 + 7J
9 ,10  -  11 ,12  = L
9 ,10  *  11 ,12  ■ = L 2
5 — 6 = 7 - 8
K = 2 -  4 + 7 -  8 -  N
and in  the  case o f the  b e n z o d io x in o d io x in  the  spectrum , f o r  benzene 
s o lu t io n ,  and ass ignm ents a re  shown ( f i g *  1 )*
F ig .  1* Assignm ent o f t r a n s i t io n s  f o r  spectrum  o f
2 ,3 ,4a o<, 10a ^ K.-te tra hyd ro b en zo jj^J  - 1 , 4 -d io x in o  ^ 2, 3 - j| ]  - 1 , 4 - d io x in
in  benzene s o lu t io n *
The e n e rg ie s  o f  the  t r a n s i t io n s  a re  then  g ive n  be low *
L in e  no 
5
11,12
Energy (H z)
7
9 ,10
8
6
4
3
2
26.8  
26*6 
21 .3  
20.1 
17 .9  
15 .5  
12 .3  
8 .9  
8*2 
3 .5
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S u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  th e  e q u a t i o n s  a b ove  g i v e s  t h e  p a r a m e t e r  
Kj L ,  14, N an d  & and  a l s o  p r o v i d e s  a  c h e c k  f o r  s e l f  c o n s i s t e n c y .
The d e d u c e d  p a r a m e t e r s  a p p e a r  as
K s 6 .4  Hz L = -1 8 *4  Hz
14 ss 0 Hz N = -5 .6  HZ
& = 29 .6  Hz
and  f r o m  t h i s  i t  f o l l o w s  t h a t
- A  ~ ~ 8  “ Y  -  3 e 2  Hz
2.J -  M + L -  -2 4 .0  J ~ -1 2 .0  "Hz
J '  = 6 .4  Hz.
F o r  s o l u t i o n  i n  c a r b o n  t e t r a c h l o r i d e  t h e  t r a n s i t i o n s  a r e  a s s i g n e d  
as  shown ( F i g .  2 ) .
'*1to 12.
T IE t y  'iMC.ft6.ASYn£'
F i g .  2 .  A s s ig n m e n t  o f  t r a n s i t i o n s  f o r  s p e c t r u m  o f
2 , 3 , 4a  1 0ao< - t e t r a h y d r o b e n z o j j g j  ~1 ,  4 - d i o x i n o  [ 2,  3 - e J ~ 1  s 4 - d ‘i o x i n  
i n  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n .
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The energy o f the  t r a n s i t io n s  are  then  g ive n  belovu.
L in e  no . Energy (Hz)
11 ,12  22.9
5 20.6
6 16 .4
4 16 .2
3 1 3 .4
2 12 .7
7 7 .8
9 ,10  4 .4
8 0 .5
and the  deduced param eters appear as
K = 6 .3  Hz L s -1 8 .5  Hz
IV] -  0 Hz N = -5 .6  Hz
£  = 20 .3  Hz
and from  t h is  i t  a ga in  fo l lo w s  th a t
= 4  -  ¥  = 3-15 Hz
2J  = N + L = -24 .1  J -  -1 2 .0 5  Hz
J ' = 6 .4 5  Hz
The va lu e s  o b ta in e d  f o r  s o lu t io n  in  benzene are  c o n s id e re d
to  be more a ccu ra te  than  those  f o r  carbon te t r a c h lo r id e  s o lu t io n  owing
to  the  b e t te r  r e s o lu t io n  o f the  f i r s t  spectrum , however b o th  s e ts  o f
va lu e s  compare w e ll w ith  those  o b ta in e d  f o r  o th e r  c is - 2 ,3 - d is u b s t i t u t e d -
-1 ,4 -d io x a n s  undergo ing  ra p id  in te rc o n v e rs io n  between th e  two extrem e
14 37 75 87c h a ir  c o n fo rm a tio n s  9 9 9  ancj r u le  o u t th e  p o s s ib i l i t y  th a t  the
r in g s  a re  fused  in  a t ra n s -  manner.
These param eters were then  used to  c a lc u la te  the  t h e o r e t ic a l
92spectrum  u s in g  the  LA0C00N 1968 programme g iv in g  the 
fo l lo w in g  s e t o f  l in e  p o s it io n s  ( ta b le  1 ) .
The agreement between measured and th e o r e t ic a l  l in e  p o s i t io n s  
is  b e t te r  f o r  the  spectrum  in  benzene s o lu t io n  than  f o r  th a t  in  
carbon te t r a c h lo r id e  s o lu t io n ,  and from  these  f ig u r e s  an i t e r a t i v e
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Table  1•
E xp e rim e n ta l and th e o r e t ic a l  l in e  p o s it io n s  f o r  the  n .m .r *  spectrum  
o f  2 ,3 ,4a **<,10a<=< - te t ra h y d ro b e n z o j^ j - 1 , 4 -d io x in o  ^2, 3 - J - 1 , 4 - d io x in .
Benzene s o lu t io n Carbon te t r a c h lo r id e  s o lu t io n
L in e  No.
5
11,12
6 
4 
3 
2 
1
7
9,10
8
T h e o re t ic a l
(Hz)
26.75
26.67
21.22
20.24
17.91
15.51
12.31
9 .00
8 .27
3 .47
E xp e rim e n ta l
(Hz)
26.8
26.6
21.3  
20.1 
17 .9  
15 .5
12 .3
8 .9  
8.2  
3 .5
L in e  No.
11,12
5
6 
4 
3 
2 
1
7
9,10
8
T h e o re t ic a l 
(Hz)
22.90
20.76
16.58
16.25  
13.33 
12.87 
7 .73  
4.81 
4 .50  
0 .30
E x p e rim e n ta l
(H z)
22 .9
20.6
1 6 .4  
1 6 .2
1 3 .4
1 2 .7
7 .8
4 .7
4 .4
0 .5
com puter c a lc u la t io n  has been a tte m p ted  f o r  the  spectrum  in  each 
s o lv e n t .  T h is  in v o lv e s  a s s ig n in g  a fre qu e ncy  to  each o f the  
com puter gene ra ted  t r a n s i t io n s ,  o b ta in e d  from  a t r i a l  c a lc u la t io n ,  
whereupon the  com puter programme used enab les  a "b e s t f i t "  spectrum  
to  be o b ta in e d  by the  v a r ia t io n  o f such chem ica l s h i f t s  and 
c o u p lin g  c o n s ta n ts  as a re  denoted by th e  u s e r .  In  the  p re s e n t case 
t h i s  le a d s  to  the  fo l lo w in g  s e ts  o f  pa ram ete rs , shown to g e th e r
Benzene S o lu t io n Carbon T e tra c h lo r id e  S o lu t io n
Computer Abraham 's 
method
Computer Abraham1s 
method
6 29.8  Hz 29.6  Hz 20.8  Hz 20 .3  Hz
-A  = “ B 3 .26  Hz 3 .2  Hz 3 .25  Hz 3 .1 5  Hz
J ' 6 .40  Hz 6 .4  Hz 6 .6 0  Hz 6 .4 5  Hz
J -1 1 .9 7  Hz -1 2 .0  Hz -12 .11  Hz -1 2 .0 5  Hz
w ith  the  param eters o b ta in e d  u s in g  th e  method o f Abraham.
I t  can be seen th a t  the  va lu e s  o b ta in e d  u s in g  th e  method o f
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Abraham f o r  b o th  s o lv e n ts  compare ve ry  w e l l ,  w h ile  the  va lu e s  o b ta in e d  
by each method f o r  the  spectrum  in  benzene s o lu t io n  a ls o  show c lo s e  
agreem ent. The g re a te s t  d is c re p a n c ie s  between the  va lu es  o b ta in e d  
by a n a ly s is  u s in g  the  method o f Abraham and by com puter a n a ly s is  
occur f o r  s o lu t io n  in  carbon te t r a c h lo r id e  as would be expec ted  in  
v iew  o f the  i n f e r i o r  re s o lu t io n  o f t h i s  spec trum . These v a r ia t io n s  
however, a re  n o t s u f f i c i e n t  to  a f f e c t  the c o n c lu s io n s  w h ich  may 
be made co nce rn in g  the  c o n fo rm a tio n  o f t h i s  m o lecu le  in  s o lu t io n .
The a b s o lu te  param eters and the  th e o r e t ic a l  s p e c tra  are  
ta b u la te d  f o r  each s o lv e n t (T a b le s  2 and 3) and the  th e o r e t ic a l  
s p e c tra  are  compared w ith  the  observed s p e c tra  ( F ig ,  3 and 4 ) ,
The e r ro r s  in  the  va lu es  o f the  param eters are e s tim a te d  to  
be +0.1 Hz f o r  the  c o u p lin g  c o n s ta n ts , e xcep t the  gem ina l c o u p lin g ,  
the  va lue  o f which has l i t t l e  e f f e c t  on the  l in e  p o s i t io n s ,  and 
+0 .2  Hz f o r  the  chem ica l s h i f t s ,  d if fe re n c e s  g re a te r  than  these  
caus ing  the  computed s p e c tra  to  d i f f e r  c o n s id e ra b ly  from  those  
obse rved .
Table  2 , A bso lu te  param eters and 
2 ,3 ,4a<* , 1 0 a o c - te tra h yd ro b e n zo ^b i] 
benzene s o lu t io n .
ta b u la te d  spectrum  o f 
- 1 , 4 -d io x in o  |2,3-eTj -1 ,4 - d io x in  in
VA -  386.66 Hz ^ 6 .4 4  JA = “ B = 3 .26 Hz
VB = 416).46 Hz T16.94 J ' = 6 .40 Hz
J = -11 .97 Hz
Frequency R e la t iv e F requency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
374.711 0.343 392.465 1 .943 413.935 2.368
374.878 0.475 393.240 1 .525 417.122 1 .609
374.878 0.475 393.240 1 .525, 419.506 1 .632
380.339 0.868 398.092 1 .889 421 .811 1 .341
381 .311 1 .341 405.030 1 .889 422.783 0.868
383.616 1 .632 409.883 1 .525 428.244 0.475
386.000 1 .609 409.883 1 .525 428.244 0.475
389.188 2.368 410.657 1 .943 428.411 0.343
T h e o re t ic a l and observed s p e c tra  o f 
2 , 3 , 4a ,1 0a*< - te tra h y d ro b e n z o [jb j ~1, 4 - d i  
1 ,4 - d io x in  in  benzene s o lu t io n .
l o x m o
T h e o re t ic a l and observed s p e c tra  o f . ' - i
2 ,3 , 4a , 1 0a«4 - te tra h y d ro b e n z o jV J -1 , 4 ~ d io x in o l2 ,3 -e \  » 
1 ,4 - d io x in  in  ca rbon  te t r a c h lo r id e  s o lu t io n * .
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Table  3 .  A bso lu te  param eters and 
2 ,3 ,4ac< , 10a«=< - te tra h y d ro b e n z o  
carbon te t r a c h lo r id e  s o lu t io n .
ta b u la te d  spectrum  o f 
- 1 , 4 -d io x in o  |2 ,3 -£ ] -1 , 4 - d io x in  in
V  = 359.56 Hz ^ 6 . 0 0
A
V  -  380 .34  Hz ^ 6 .3 4D
J -  J D = 3 .25  HzA D
J ' = 6 .6 0  Hz 
J = -12 .11  Hz
Frequency R e la t iv e F requency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) I n te n s i t y (Hz) I n te n s i t y
346.613 0.331 365.027 2.174 377.947 2.513
346.613 0.331 365.325 1 .669 383.167 0 .989
348.790 0.273 365.325 1 .669 383.457 1 .487
353.133 1.021 369.614 2.796 386.528 0 .724
353.376 0 .724 370.290 2.796 386.771 1 .021
356.447 1 .487 374.579 1 .669 391 .114 0.273
356.737 0.989 374.579 1 .669 393.291 0.331
361.957 2.513 374.877 2.174 393.291 0.331'
2 -C h lo ro -1 , 4-jd ioxene •
The n e x t compound chosen f o r  in v e s t ig a t io n  w a s 2 -c h lo r o - 1 , 4 -  
-d io x e n e , o b ta in e d  from  ( I )  by d e h y d ro h a lo g e n a tio n . The n .m . r .  
spectrum  in  bo th  benzene and c h lo ro fo rm  s o lu t io n s  shows a s in g le t  
due to  the  p ro to n  on C-3 and an AA'BB1 p a t te rn  from  the  fo u r  
p ro to n s  o f the  e th y le n e  m o ie ty . Because o f  th e  s in g le  s u b s t i tu e n t  
the  p ro to n s  are  d e s ig n a te d  in  a manner s l i g h t l y  d i f f e r e n t  to  t h a t  in  
the  p re v io u s  ca se .
-A
TB
C o n s id e rin g  f i r s t l y  the  spectrum  in  benzene s o lu t io n ,  s in c e  
t h is  shows b e t te r  r e s o lu t io n ,  a tte m p ts  were made to  e x t r a c t  th e  
param eters as in  the  p re v io u s  case, u s in g  the  method o f  Abraham.
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I t  i s  n o t im m ed ia te ly  obv ious w hich t r a n s i t io n s  co rrespond  to  any 
o f the  observed peaks and a n a ly s is  by t h i s  method must now become 
m a them a tica l in  n a tu re , s in ce  a l l  co m b in a tio n s  o f t r a n s i t io n s  w ith  
observed peaks must be used in  an a tte m p t to  o b ta in  a s e l f  
c o n s is te n t  s e t o f  s o lu t io n s  to  the  e q u a tio n s . T h is  proved n o t to  
be p o s s ib le  in  t h i s  case and the  method o f a n a ly s is  used was as 
fo l lo w s .
A com parison was made w ith  th e o r e t ic a l  s p e c tra  to  o b ta in  a 
93v is u a l b e s t f i t  t h i s  g iv in g  the  fo l lo w in g  s e t o f  p a ra m e te rs .
£ = 6 Hz J . = J_ = 9 Hz—A —D
J = 2 Hz J ' = 4 Hz
A l l  o f  the  s p e c tra  in  t h i s  c o m p ila t io n  have been c a lc u la te d  w ith  <£
f ix e d  a t  6 Hz, however i t  i s  a p ro p e rty  o f the  n .m .r .  spectrum
th a t  a l l  o f the param eters may be m u l t ip l ie d  by a c o n s ta n t fa c to r
w ith o u t a f fe c t in g  the  appearance o f the  spectrum , the  a b s o lu te  l in e
p o s it io n s  be ing  however a l te r e d .  An e s tim a te  o f £ was o b ta in e d
from  the  spectrum , 8 .4  Hz, and the  param eters above m u l t ip l ie d  by
a fa c to r  o f £ /6 ,  t h i s  be ing  1 .4 .
The la r g e s t  c o u p lin g  c o n s ta n t would be expected  to  be the
gem ina l c o u p lin g  c o n s ta n t and was th e re fo re  assumed to  be n e g a t iv e .
The fo l lo w in g  param eters were then  used to  c a lc u la te  the  t h e o r e t ic a l
92spectrum  u s ing  the  LA0C00N 1968 programme these  g iv in g  r is e  to  
the fo l lo w in g  ta b u la te d  spectrum  (T ab le  4 ) .
V  -  340.0  Hz J = Jg -  -1 2 .6  Hz
V  = 348.8 Hz J ' -  5 .6  Hz
D  “
J = 2 .8  Hz
The main d if fe re n c e  between t h is  and the  observed spectrum  i s  the  
p o s i t io n  o f the  l in e  a t  336.093 Hz r e la t iv e  to  those  a t  334.060 Hz
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Table 4 . 2--C h lo ro -1 ,4 -d io xe n e  - ta b u la te d  " 30St f i t " t r i a l  sp ec tru m .
Frequency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
331 .214 0.021 341 .173 2.632 348.557 1 .646
334.060 0.586 342.460 3.414 350.027 1 .368
336.093 0.919 343.093 4.721 351.722 0 .692
336.678 0.692 345.307 4.721 352.307 0.919
338.373 1 .368 345.940 3.414 354.340 0.586
339.843 1.646 347.227 2.632 357.186 0.021
and 336,678 Hz and o f th a t  a t  352,307 Hz to  those  a t  351.722 Hz 
and 354.340 H z. An i t e r a t i v e  c a lc u la t io n  was th e re fo re  c a r r ie d  
o u t and a r e s u l t  o b ta in e d  w hich was, in  te rm s o f the  system  under 
c o n s id e ra t io n ,  m ean in g le ss . The l in e  p o s it io n s  were rem easured and 
the  c a lc u la t io n  re p ea ted  b u t w ith  the  same r e s u l t ,  A s e r ie s  o f 
t r i a l  c a lc u la t io n s  was th e re fo re  c a r r ie d  o u t in  w hich th e  va lu e s  
o f the  c o u p lin g  c o n s ta n ts  were ke p t c o n s ta n t w h ile  the  d if fe re n c e  
in  chem ica l s h i f t s  was in c re a s e d  in  s tep s  o f  0.1 H z. These 
c a lc u la t io n s  showed th a t  a lth o u g h  the  appearance o f the  spectrum  
and the  l in e  p o s it io n s  changed ve ry  l i t t l e ,  the  com puter gene ra ted  
l in e  numbers v a r ie d  c o n s id e ra b ly .  T h is  e x p la in s  the  i n a b i l i t y  to  
o b ta in  a s o lu t io n  in  the  p re v io u s  i t e r a t i v e  c a lc u la t io n s  as a 
wrong co m b ina tio n  o f l in e  numbers must have been used . There 
appeared to  be th re e  d is c re te  s e ts  o f l in e  numbers and i t e r a t i v e  
c a lc u la t io n s  were c a r r ie d  o u t w ith  each o f th e s e . F o r one o f the  
s e ts  the  com puter was unab le  to  o b ta in  a s o lu t io n  w h ile  f o r  one 
o th e r  the  r e s u l t  was co ns ide re d  n o t to  be m e a n in g fu l.  The t h i r d  s e t 
o f  l in e  numbers gave a s e t o f param eters  w hich gave r is e  to  th e  
spectrum  ta b u la te d  below  (T ab le  5 ) ,  t h i s  is  a ls o  shown compared 
w ith  the  observed spectrum  ( F ig .  5 ) .
An a tte m p t was then  made to  r e f in e  these  va lu e s  by 
re -e s t im a t in g  the  l in e  p o s it io n s  fro m  th e  spectrum  and re p e a t in g
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F ig . - '5 .  Spectrum  o f  2 -c h lo ro ~ 1 , 4 -d ioxe n e  and th s  t h e o r e t ic a l  spectrum
u s in g  the  fo l lo w in g  p a ra m e te rs . (Benzene s o lu t io n )
V -  390 .92  Hz t  6.51 J -  J_ = ~13 .2 4  Hz A “ A —B
y l  = 399.71 Hz " t6 .6 6  J ■ -  . ' 2 .2 9  Hz
D
& -  8 .7 9  Hz J ' = 5 .5 8  Hz
V 5
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Table  5 . S p e c tra l param ete rs  and 
2 -c h lo ro -1 ,4 -d io x e n e  in
ta b u la te d  spectrum  f o r  
benzene s o lu t io n .
V  -  390.92 HzH X  6.51 Jfl = Jg = -1 3 .2 4  Hz
V D -  399.71 Hz□
6 = 8 .7 9  Hz
X 6 .6 6 II 
II
->l 2 .29  Hz 
5 .5 8  Hz
Frequency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
385.481 0.666 393.349 3 .334 399.898 1 .673
387.191 0.975 393.991 4.507 401.650 1 .300
388.100 0.825 396.637 4.507 402.528 0.825
388.978 1 .300 397.279 3 .334 403.437 0.975
390.730
392.265
1.673
2.700
398.363 2.700 405.147 0.666
the  c a lc u la t io n .  T h is  gave the  s e t o f  param eters and the
ta b u la te d spectrum  shown in  Table  6 .
Table  6 . R e -c a lc u la te d  param eters  and ta b u la te d  spectrum  f o r  
2 -c h lo ro -1 ,4 -d io x e n e  in  benzene s o lu t io n .
V  -  390.90 Hz X 6 .5 1 4=4  = -6 .6 9  Hz
V  _ 399.69 Hz u X 6 .6 6 J = 2 .26  Hz
cS = 8 .79  Hz J ' - 5 .47  Hz
Frequency
(Hz)
385.579
387.187
388.095
389.012
390.795
392.226
R e la t iv e  
In te n s i t y  
0 .679 
0.973 
0.823 
1 .313 
1 .682 
2.687
Frequency
(Hz)
393.311
393.995
396.596
397.281
398.365
R e la t iv e
In te n s i t y
3.321
4 .482
4 .482
3.321 
2.687
Frequency 
(Hz) 
399.796 
401.579 
402.496 
403.405 
405.012
R e la t iv e  
I n te n s i t y  
1 .682 
1 .313 
0 .823 
0 .973  
0 .679
The g re a te s t  d if fe re n c e  in  l in e  p o s i t io n  between any two 
co rre sp o n d in g  l in e s  in  these  two s p e c tra  i s  0 .102  Hz, t h i s  be ing  
the  l i m i t  o f  th e  accuracy w ith  which the  l in e  p o s i t io n s  can be 
measured, a lth o u g h  the  gem ina l c o u p lin g  c o n s ta n ts  d i f f e r  by some 
6 .5  Hz. A s e r ie s  o f t r i a l  c a lc u la t io n s  was th e re fo re  c a r r ie d  o u t
to  in v e s t ig a te  the  e f f e c t  o f. th e  gem ina l c o u p lin g  c o n s ta n t on the
l in e  p o s it io n s  f o r  t h i s  system * Four o f the  pa ram ete rs , V D, Jft o
and J ' ,  were h e ld  c o n s ta n t-w h ile  J A and J_ were v a r ie d  from— ft D
-1 0 .0  to  -1 4 *0  Hz in  0 .5  Hz s te p s .  The r e s u l t s  o b ta in e d  a re  shown 
in  Tab le  7 .
Tab le  7 .  The e f f e c t  on the  l in e  p o s it io n s  o f  an AA'BB' p a t te rn  caused 
by the  v a r ia t io n  o f  the  gem ina l c o u p lin g  c o n s ta n ts .
V  = 390 .92  Hz
H
J - 2 .29  Hz
V  -  399.71 Hz □ J ' = 5 .58  Hz
NX-?II->T
- 1 0 .0 -1 0 .5 -11 .0 -11 .5 -1 2 .0 -1 2 .5 -1 3 .0 -1 3 .5 -1 4 .0
385.481 
387.170 
388.069 
388.979 
390.762 
392.265 
393.349 
394.004 
396.624 
397.279 
398.363 
398.866 
401.649 
402.559 
403.458 
405.147
385.481 
387.174 
388.075 
388.979 
390.756 
392.265 
393.349 
394.001 
396.627 
397.279 
398.363 
398.872 
401.649 
402.553 
403.454 
405.147
385.481 
387.177 
388.080 
388.979 
390.751 
392.265 
393.349 
393.999 
396.629 
397.279 
398.363 
398.877 
401.649 
402.548 
403.451 
405.147
385.481 
387.181 
388.086 
388.979 
390.745 
392.265 
393.349 
393.997 
396.631 
397.279 
398.363 
398.883 
401.649 
402.542 
403.447 
405.147
385.481 
3 87 .1B4 
388.090 
388.979 
390.741 
392.265 
393.349 
393.995 
396.633 
397.279 
398.363 
398.887 
401.649 
402.538 
403.444 
405.147
385.481 
387.187 
388.095 
388.979 
390.736 
392.265 
393.349 
393.993 
396.635 
397.279 
398.363 
398.892 
401.649 
402.533 
403.441 
405.147
385.481 
387.190 
388.099 
388.979 
390.732 
392.265 
393.349 
393.992 
396.636 
397.279 
398.363 
398.896 
401.649 
402.529 
403.438 
405.147
385.481 
387.193 
388.102 
388.979 
390.728 
392.265 
393.349 
393.990 
396.638 
397.279 
398.363 
398.900 
401.649 
402.526 
403.435 
405.147
385.481 
387.196 
388.106 
388.979 
390.725 
392.265 
393.349 
393.989 
396.639 
397.279 
398.363 
398.903 
401.649 
402 .522 
403.432 
405.147
T h is  shows th a t  the  va lue  o f  the  gem ina l c o u p lin g  c o n s ta n t has 
ve ry  l i t t l e  e f f e c t  on the  l in e  p o s it io n s  o f  the  spec trum . There 
seems l i t t l e  reason to  doubt the  va lu e s  o b ta in e d  i n i t i a l l y ,  
e s p e c ia l ly  as they  are  w ith in  the  ranges expe c ted , however i t  i s  
in te r e s t in g  to  no te  the  independence o f  t h i s  AA'BB' p a t te rn  o f 
th e  gem ina l c o u p lin g  c o n s ta n ts .  There i s  a ls o  a second check on 
these  va lu e s  f o r  the  c o u p lin g  c o n s ta n ts  would n o t be expec ted  to
be in f lu e n c e d  m arked ly by a change o f s o lv e n t u n le ss  th e  c o n fo rm a tio n
o f the  m o lecu le  was a f fe c te d .  The va lu e s  o b ta in e d  from  the  spectrum
in  benzene s o lu t io n  were th e re fo re  used as a s t a r t in g  p o in t  f o r
the  a n a ly s is  o f  the  spectrum  in  d e u te r io c h lo ro fo rm  s o lu t io n .  An
e s tim a te  f o r  the  chem ica l s h i f t s  was o b ta in e d  from  the  spectrum
and a s e r ie s  o f t r i a l  c a lc u la t io n s  was c a r r ie d  o u t to  o b ta in  the
l in e  numbers to  be used in  the  i t e r a t i v e  c a lc u la t io n s .  T h is  spectrum
is  n o t as w e ll  re s o lv e d  as th a t  in  benzene s o lu t io n  and th e  accuracy
w ith  which the  p o s it io n s  o f the  l in e s  can be measured is  n o t as
/
g re a t as b e fo re , however, the  i t e r a t i v e  c a lc u la t io n  le a d s  to  th e  
param eters and ta b u la te d  spectrum  shown in  Tab le  8 . T h is  t h e o r e t ic a l  
spectrum  is  a ls o  compared w ith  the  observed spectrum  ( F ig .  6 ) .
Table  8 . S p e c tra l param eters  and ta b u la te d  spectrum  f o r  
2 -c h lo ro -1 ,4 -d io x e n e  in  d e u te r io c h lo ro fo rm  s o lu t io n .
= 349.23 Hz X  5 .8 2 4  -  4  - -1 3 .4 0  Hz
= 360.07 HzD
6 = 10 .84  Hz
X  6 .00 ii 
it
2 .25  Hz 
5 .6 4  Hz
F requency R e la t iv e F requency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
344.004 0.824 351.890 3.176 360.358 1.723
345.433 1.089 352.591 4 .082 362.022 1 .404
346.952 1.092 356.709 4.082 362.348 1 .092
347.278 1 .404 - 357.410 3.176 363.867 1 .089
348.942
350.664
1.723
2.596
358.636 2.596 365.296 0 .824
T h is  g iv e s  good agreem ent w ith  the  va lu e s  o b ta in e d  p re v io u s ly  
b u t those  f o r  s o lu t io n  in  benzene a re  co n s id e re d  to  be more 
a ccu ra te  because o f the  b e t te r  r e s o lu t io n .
Any doubt th a t  we may have abou t the  a b s o lu te  va lu e s  o f  the  
gem ina l c o u p lin g  c o n s ta n ts  does n o t a f f e c t  ou r d e d u c tio n s
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F ig .  6 .  Spectrum  o f 2 - c h lo r o - 1 , 4 -d ioxe n e  and the  t h e o r e t ic a l  spectrum  
u s in g  the  fo l lo w in g  p a ram e te rs* (D e u te r io c h lo ro fo rm  s o lu t io n )
V  -  .349.23 Hz t : 5 . 8 2  J . = = ” 13 .40  Hz
f t  . . .  A  B
V  = 360.07 Hz ^ 6 . 0 0  J = 2 .25  Hz
B
£ -  1 0 .8 4 -Hz i *  "  5 »64 Hz
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co n ce rn in g  the  c o n fo rm a tio n  o f t h i s  m o lecu le  w h ich , bo th  from  the  
v a lu e s  o f the  c o u p lin g  c o n s ta n ts  and from  a com parison w ith  the  
v a lu e s  o f those  o b ta in e d  from  the  d io x in o d io x in  d iscu ssed  
p re v io u s ly ,  must be r a p id ly  in te r c o n v e r t in g  w ith  an id e n t ic a l  
m ir ro r  image m o le cu le , and w hich  shows c o n s id e ra b le  d is t o r t io n  
from  the  f u l l y  c h a ir  fo rm *
Using the  va lu e s  o f the  param eters  o b ta in e d  by the  com puter 
a n a ly s is  a tte m p ts  have been made to  work th ro u g h  the  method o f 
Abraham b u t w ith  no success#
2 ,2-D ic h lo r o - 1 , 4-d io x a n ,
The n e x t compound to  be co n s id e re d  was 2 , 2 - d ic h lo r o - 1 ,4 -d io x a n ,
t h is  be ing  o b ta in e d  from  2 -c h lo ro -1 , 4 -d ioxe n e  by the  a d d it io n  o f
hydrogen c h lo r id e #  The spectrum  in  d e u te r io c h lo ro fo rm  s o lu t io n
shows a s in g le t  due to  the  s in g le  m ethylene group and an AA’ BB*
p a t te rn  from  the  p ro to n s  o f the  e th y le n e  m o ie ty#  Aga in  the  p ro to n s
must be d e s ig n a te d  as were those  o f 2 -c h lo ro -1 , 4 -d io x e n e , and
a ga in  a tte m p ts  to  e x t r a c t  the  param eters  u s in g  the  method o f
Abraham proved u nsu cce ss fu l#  The method o f a n a ly s is  was th e re fo re
s im i la r  to  th a t  used f o r  the  a n a ly s is  o f the  s p e c tra  from
942 -c h lo ro -1 ,4 -d io x e n e #  A v is u a l b e s t f i t  was o b ta in e d  and these  
param eters  m u l t ip l ie d  by the  c o n s ta n t f a c to r  o b ta in e d  from  an 
e s tim a te  o f the  d if fe re n c e  in  chem ica l s h i f t s #  The fo l lo w in g  
param eters were used to  c a lc u la te  the  th e o r e t ic a l  spectrum  (T a b le
9 ) .
From t h is  t r i a l  c a lc u la t io n  an i t e r a t i v e  p rocedure  was 
c a r r ie d  o u t as b e fo re , and aga in  m ean ing less r e s u l t s  were 
ob ta in ed #  A s e r ie s  o f t r i a l  c a lc u la t io n s  was c a r r ie d  o u t in
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Table  9 . I n i t i a l  t r i a l  param eters and th e o r e t ic a l  spectrum  f o r  
2 ,2 -d ic h lo ro -1 ,4 -d io x a n  in  d e u te r io c h lo ro fo rm  s o lu t io n .
= 340 .0  Hzn
5.67 -A  = -B  = -1 2 .2  Hz
V_ = 358 .3  Hz □
<S = 1 8 .3  Hz
^ 5 .9 7 J ' -  
J -
6.1 Hz 
3 .05  Hz
F requency R e la t iv e F requency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
334.345 1 .106 343.495 2.894 358.748 1 .812
335.534 1 .288 344.388 3.368 359.951 1.671
338.288 1 .511 353.962 3.368 360.012 1 .511
338.349 1 .671 354.805 2.894 362.766 1 .288
339.552 
341.359
1 .812 
2.329
356.901 2.329 363.955 1 .106
w hich the d if fe re n c e in  chem ica l s h i f t s  was in c re a se d in  s te p s
o f 0.1 H z. T h is  aga in  showed th a t  the  appearance o f the  spectrum  
was changed ve ry  l i t t l e  as the  va lu e  o f S was in c re a s e d , 
a lth o u g h  the  com puter gene ra ted  l in e  numbers v a r ie d  c o n s id e ra b ly .  
I t e r a t iv e  c a lc u la t io n s  were th e re fo re  ca fc ried  o u t us ing  each o f 
these  s e ts  o f l i n e  numbers and i t  was found th a t  two o f these  
gave s o lu t io n s  w hich were co n s id e re d  to  be m e a n in g fu l, and u s in g  
these  f u r t h e r  i t e r a t i v e  c a lc u la t io n s  were c a r r ie d  o u t .  T h is  
AA'BB1 p a t te rn  was n o t as w e ll re s o lv e d  as p re v io u s  exam ples 
and a f t e r  each i t e r a t i v e  c a lc u la t io n  the  l in e  p o s it io n s  were 
re -e s t im a te d  and the  c a lc u la t io n  re p e a te d . U sing b o th  s e ts  o f  
l in e  numbers the  va lu e s  o f the  chem ica l s h i f t s  and two o f  the  
c o u p lin g  c o n s ta n ts , J and ' ,  were found  n o t to  va ry  by more 
than  ,+0.02 Hz, ove r s e v e ra l c a lc u la t io n s ,  w h ile  the  gem ina l 
c o u p lin g  c o n s ta n ts  v a r ie d  c o n s id e ra b ly  from  c a lc u la t io n  to  
c a lc u la t io n  and a ls o  d i f fe r e d  la r g e ly  from  the  va lu e s  e x p e c te d . 
The r e s u l t s  o b ta in e d  a re  shown in  Table  10, and the  c a lc u la te d  
spectrum  is  shown w ith  the  observed spectrum  ( F ig .  7 ) .  In  v iew
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F ig *  7 .  Spectrum  o f 2 , 2 ~ d ic h lo ro ~ 1 , 4«d ioxan  and th e  t h e o r e t ic a l  spectrum  
u s in g  the  fo l lo w in g  p a ram ete rs* (D e u te r io c h lo ro fo rm  s o lu t io n )
V  = '3 5 2 .4  Hz 5 .8?  J* -  6 .4 8  Hz
y D = 371 .2  Hz *£ 6 .1 9  J = 3 .0 0  HzD —
v ft V 6
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Table  10 . S p e c tra l param eters  and c a lc u la te d  s p e c tra  o b ta in e d  by 
i t e r a t i v e  c a lc u la t io n s  f o r  2 , 2 -d ic h lo ro -1 ,4 -d io x a n  
in  d e u te r io c h lo ro fo rm  s o lu t io n .
= 352.380 Hz V A = 352.384 Hz
^ B -  371.229 Hz V B S 371 .237 Hz
-A  = -B = -21 .018 Hz -A  = J_ = -2 7 .6 5 6—D Hz
J ' -  6 .469 Hz J» = 6 .487 Hz
J -  2 .999 Hz J S 3 .005 Hz
Expected L in e Frequency R e la t iv e L in e Frequency R e la t iv e
F requency No. (Hz) In te n s i t y No. (Hz) I n te n s i t y
346.8 55 346.524 1 .102 55 346.511 1.101
347.6 51 347.767 1 .287 51 347.771 1 .288
350.5 38,24 350.487 1 .638 37,18 350.483 1 .637
350.5 41 350.627 1 .515 42 350.639 1 .518
351 .5 20 351.889 1.811 26 351 .874 1 .810
354.0 34,25 353.957 2.362 33,19 353.966 2.363
356.1 1 355.992 2.898 1 356.002 2.899
356.9 5 356.799 3.381 5 356.794 3.381
366.7 29 366.810 3.381 30 366.827 3.381
367.5 53 367.617 2.898 54 367.619 2.899
369.6 40,12 369.652 2.362 12,40 369.655 2.363
372.1 43 371.720 1 .811 43 371.747 1 .811
373.1 8 372.982 1.515 8 372.982 1 .518
373.1 36,13 373.122 1 .638 13,36 373.138 1 .637
376.0 22 375.842 1 .287 28 375.851 1 .288
376.8 3 377.085 1 .102 4 377.110 1 .101
o f the  r e s u l t s  o b ta in e d  p re v io u s ly  a s e r ie s  o f  t r i a l  c a lc u la t io n s  
was c a r r ie d  o u t in  w hich the  gem ina l c o u p lin g  c o n s ta n ts  were 
v a r ie d  w h ile  the  re m a in in g  param eters were h e ld  c o n s ta n t,  the  
r e s u l t s  o b ta in e d  showing th a t  t h i s  spectrum  was a ls o  in d ependen t 
o f  the  va lue  o f the  gem ina l c o u p lin g  c o n s ta n ts .
In  t h i s  case no s e n s ib le  va lu e  has been o b ta in e d  f o r  
these  gem ina l c o u p lin g  c o n s ta n ts  and we have no spectrum  in  a 
second s o lv e n t f o r  a f u r t h e r  in v e s t ig a t io n .  T h is  however, does 
n o t a f f e c t  ou r d e d u c tio n s  co n ce rn in g  the  c o n fo rm a tio n  o f t h i s  
m o lecu le  w hich e x is ts  as the  c h a ir  fo rm  unde rgo ing  ra p id  c h a i r -  
- c h a ir  in te r c o n v e rs io n .
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2 ,2 ,3- T r ic h lo r o - 1 , 4 -c iioxan  •
The t h i r d  c h lo r in a te d  d ioxan  d e r iv a t iv e  to  be co n s id e re d  
was 2 ,2 ,3 - t r i c h lo r o - 1 , 4 -d io x a n , o b ta in e d  by th e  a d d it io n  o f c h lo r in e  
to  2 -c h lo ro -1 ,4 -d io x e n e .  The n .m .r .  spectrum  o f t h i s  compound in  
b o th  carbon te t r a c h lo r id e  s o lu t io n  and in  benzene s o lu t io n  shows 
a s in g le t ,  due to  the  p ro to n  on C -3 , and an ABCD p a t te rn  fro m  th e  
p ro to n s  o f  the  e th y le n e  m o ie ty . The ABCD case is  the  most 
co m p lic a te d  fo u r  p ro to n  system  s in ce  fro m  f i r s t  o rd e r p r in c ip le s  
we would e xp e c t to  see a t  m ost, a spectrum  c o n s is t in g  o f  t h i r t y - t w o  
l in e s ,  however i t  can be shown th a t  in  t h i s  case, due to  the  
s tro n g  in te r a c t io n  between the  n u c le i ,  a f u r t h e r  tw e n ty - fo u r  
co m b in a tio n  l in e s  would be expected  th u s  making a t o t a l  o f  
f i f t y - s i x  l i n e s .  T h is  n e c e s s ita te s  th e  use o f a com puter f o r  a 
r ig o ro u s  a n a ly s is  s in ce  none o f the  te n  s p e c t ra l pa ram ete rs , fo u r  
chem ica l s h i f t s  and s ix  c o u p lin g  c o n s ta n ts , appear d i r e c t l y  in  
the  spec trum .
I t  i s  known th a t  t r a n s - 2 .3 - d ic h lo r o - 1 . 4 -d io xa n  e x is t s ,  b o th  
in  the  c r y s ta l  and in  s o lu t io n ,  in  the  r i g i d  c h a ir  c o n fo rm a tio n  
w ith  th e  two c h lo r in e  atoms in  a x ia l  p o s i t io n s .  I t  would th e re fo re  
be expected  th a t  2 ,2 ,3 - t r ic h lo r o - 1 ,4 - d io x a n  would a ls o  e x is t  in  
the  r i g i d  c h a ir  c o n fo rm a tio n  w ith  the  two t r a n s -  c h lo r in e  atoms 
a x ia l  and the  o th e r  e q u a to r ia l .  T h is  le a d s  to  th e  fo l lo w in g  m odel, (L X IX ), 
w hich was used as a b a s is  f o r  the  a n a ly s is  o f the  spec trum .
C l
(LX IX )
The o v e r a l l  d is ta n c e s  o f the  fo u r  p ro to n s  from  the  th re e  c h lo r in e  
atom s, measured from  D re id in g  m odels, are  H-A 1 1 .3 , H-B 1 1 .9 , H-C 
1 3 .2  and H-D 1 4 .2  A, these  be ing  used f o r  the  i n i t i a l  e s tim a te  
f o r  the  chem ica l s h i f t s .  I t  i s  a ls o  p o s s ib le  to  e s tim a te  the  
c o u p lin g  c o n s ta n ts  from  o th e r r i g i d  1 ,4 -d io x a n s  and from  these  
e s tim a te s  to  c a lc u la te  the  th e o r e t ic a l  spec trum . T h is  g iv e s ,  f o r  
s o lu t io n  in  carbon te t r a c h lo r id e ,  the  param eters  and spectrum  
shown in  Table  11•
Table  11 . I n i t i a l  param eters  and th e o r e t ic a l  spectrum  f o r  
2 ,2 ,3 - t r ic h lo r o - 1 , 4 -d io xa n  in  carbon te t r a c h lo r id e  
s o lu t io n .
V
A -  330.6  Hz ^ 5 .5 1 -AB = 1 2 .2  Hz
= 3 4 0 .8  Hz ^  5 .68 -AC = -1 2 .2  Hz
vc = 367 .2  Hz ^ 6 .1 2
iioif 3 .3  Hz
V D = 374.8  Hz ^ 6 .2 5 -BC = 
^BD = 
-^ D  =
3 .3  Hz 
-1 2 .2  Hz 
0 .6  Hz
F requency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
315.303 0.323 343.122 0.239 369.301 1 .816
317.463 0.203 343.191 0.869 369.745 0.080
324.947 0.266 346.182 0.443 372.031 1 .327
325.711 0.328 346.653 0.543 372.228 0.786
326.155 0.635 352.094 0.091 372.270 0 .916
328.680 1 .293 353.599 1 .498 372.940 0 .722
331.906 1 .232 354.859 0.142 374.069 1 .384
333.652 1 .036 355.303 0.722 377.472 0 .554
334.096 0.516 361.068 0.706 379.875 0.729
335.101 0.957 361.540 0.129 380.586 0.713
335.545 1 .044 362.585 1 .469 382.302 0 .154
335.691 1 .685 364.090 0 .452 382.746 0.598
341.350 2.219 364.329 1 .552 390.028 0.1 26
342.747 0.869 367.860 0.568 390.473 0.025
T h is  computed spectrum  bea rs  ve ry  l i t t l e  resem blance to  the  
observed spectrum  and i t  i s  n o t p o s s ib le ,  a t  t h i s  s ta g e , to  c a r ry
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o u t an i t e r a t i v e  c a lc u la t io n .  A tte m p ts  were th e re fo re  made to  
o b ta in  a spectrum  th a t  resem bled the  observed spectrum  s u f f i c i e n t l y  
to  enab le  t h i s  c a lc u la t io n  to  be c a r r ie d  o u t,  t h i s  be ing  accom plished  
by s y s te m a t ic a lly  v a ry in g  the  p a ram e te rs . I t  was found  th a t  
v a ry in g  the  c o u p lin g  c o n s ta n ts  had ve ry  l i t t l e  e f f e c t  on the  
appearance o f the  spectrum , w h ile  an e q u iv a le n t  change in  any o f 
the  chem ica l s h i f t s  produced a ve ry  marked e f f e c t .  E ig h ty  t r i a l  
c a lc u la t io n s  were c a r r ie d  o u t b e fo re  a c lo s e  enough match between 
observed and th e o r e t ic a l  s p e c tra  was o b ta in e d  to  enab le  an 
i t e r a t i v e  c a lc u la t io n  to  be c a r r ie d  o u t .  The param eters  g iv in g  r is e  
to  t h i s  “ b e s t f i t "  t r i a l  spectrum  a re  shown in  Tab le  1 2 .
Table  12 . Param eters g iv in g  r is e  to  "b e s t - f i t " t r i a l  spectrum
f o r  2 ,2 , 3 - t r ic h lo r o - 1 , 4 -d io xa n in  carbon
te t r a c h lo r id e  s o lu t io n .
V
A = 336.0 Hz " t  5 .60 -AB s 1 2 .2 Hz
B = 337.0 Hz ^ 5 . 6 2 -AC = -1 2 .2 Hz
v c
= 358.0 Hz ^ 5 . 9 7 “ AD = 3 .3 Hz
* 0
= 377.0 Hz " t6 .2 9 4 c = 3 .3 Hz
“ BD s -1 2 .2 Hz
“ CD = 0 .6 Hz
These param eters were then  used as a b a s is  f o r  s e v e ra l i t e r a t i v e  
c a lc u la t io n s  g iv in g  f i n a l l y  the  param eters  and th e o r e t ic a l  spectrum  
shown in  Table  1 3 . The th e o r e t ic a l  spectrum  is  compared w ith  th e  
observed spectrum  in  F ig .  8 .
To o b ta in  the  param eters f o r  the  spectrum  in  benzene 
s o lu t io n  the  approach was s l i g h t l y  more s im p le  than  th a t  used f o r  
the  spectrum  in  carbon te t r a c h lo r id e  s o lu t io n .  I t  was assumed
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Table  13 . Param eters and th e o r e t ic a l  spectrum  f o r
2 ,2 ,3 - t r ic h lo r o - 1 ,4 - d io x a n  in  carbon te t r a c h lo r id e
s o lu t io n .
Vft = 335. 54 Hz ^ 5 . 5 9 -AB = 11 .63 Hz
V  = 337.□ 09 Hz X .5 .6 2 -AC = -11 .91  Hz
Vc = 359. 25 Hz r 5 . 9 9 -AD = 3 .6 4  Hz
VQ = 377. 80 Hz ^ 6 .3 0 -BC = 
•^BD *
4 : d =
3 .4 9  Hz 
-1 2 .4 2  Hz 
0 .87  Hz
Frequency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
312.661 0.020 347.819 0.811 367.112 0.155
320.716 0.156 348.749 1.161 373.891 0.968
320.750 0.178 349.417 0 .070 375.021 0.103
327.451 0.031 349.539 1 .752 375.187 1.023
330.046 0.926 357.319 0.908 375.200 1 .052
330.513 1 .351 357.506 1 .001 375.868 0 .779
331.048 1 .083 357.614 1 .467 376.998 0 .052
331.342 1 .413 357.627 0 .344 380.902 0.646
336.749 1 .340 363.200 0.668 382.602 0.789
338.418 2.026 364.207 0.668 383.620 0.747
340.119 2.513 364.330 0 .482 383.883 0.578
340.242 1 .719 364.391 0.342 391.972 0 .024
340.843 0.097 365.225 0.607 393.384 0.071
344.838 1 .376 365.521 0 .339 393.570 0 .129
th a t  the co n fo rm a tio n and hence the  c o u p lin g  c o n s ta n ts , would
n o t change m arked ly on chang ing  the  s o lv e n t .  E s tim a te s  were 
th e re fo re  made f o r  th e  chem ica l s h i f t s ,  and u s in g  the  va lu e s  
o f the  c o u p lin g  c o n s ta n ts  o b ta in e d  above, the  th e o r e t ic a l  
spectrum  shown in  Table  14 was o b ta in e d . The a b s o lu te  va lu e s  
o f  the  fre q u e n c ie s  d i f f e r  c o n s id e ra b ly  from  those  a c tu a l ly  
observed , however when an i t e r a t i v e  c a lc u la t io n  was a tte m p ted  
u s in g  these  param eters no m e a n in g fu l r e s u l t s  c o u ld  be o b ta in e d . 
The th e o r e t ic a l  spectrum  d id  n o t resem ble th a t  observed 
s u f f i c i e n t l y  f o r  fre q u e n c ie s  to  be ass igned  to  s p e c i f ic  
t r a n s i t io n s ,  and a s e r ie s  o f t r i a l  c a lc u la t io n s  was c a r r ie d  o u t
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Table  1 4 . I n i t i a l  param eters and th e o r e t ic a l  spectrum  f o r
2 , 2 ,3 - t r ic h lo r o - 1 ,4 - d io x a n  in  benzene s o lu t io n .
'
V  = 351. 0 Hz T 5 .8 5 -AB = 11 .63 Hz
v  = 355.□ 0 Hz ^ 5 . 9 2 -AC = -11 .91  Hz
Vc -  380. 0 Hz ~C6.33 -AD = 3 .6 4  Hz
ii -fN O o • 0 Hz ^ 6 .6 7 -BC = 
-BD = 
-CD =
3 .4 9  Hz 
-1 2 .4 2  Hz 
0 .87  Hz
F requency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
335.968 0.243 363.565 0.869 385.855 0.911
338.319 0.109 365.013 0.878 395.149 0.379
345.787 0.223 365.275 0.021 395.411 0.811
345.995 0 .922 368.023 1 .526 396.872 1 .133
347.696 1.409 368.552 0.799 397.215 1 .046
347.799 1 .429 376.787 1.179 399.077 0.750
348.969 1 .262 377.592 0.536 401 .899 0.660
353.996 1 .672 377.935 1 .379 404.733 0 .809
354.363 2.013 379.105 0.773 405.711 0 .769
357.197 2.375 384.596 0.574 406.886 0 .629
357.996 1 .576 384.794 0.724 415.121 0.161
358.258 0 .122 385.593 0.263
358.352 0.145 385.772 0.676
u n t i l  a c lo s e  f i t  to  the  observed spectrum  was o b ta in e d , t h i s  
u s in g  the  param eters  shown in  Table  15 .
Table  1 5 . Param eters g iv in g  r is e  to  " b e s t - f i t "  t r i a l  spectrum  
f o r  2 , 2 ,3 - t r ic h lo r o - 1 ,4 - d io x a n  in  benzene s o lu t io n .
373.5 Hz ' t  6 .22
CO
s 11.63 Hz
374.5 Hz 't.6 .2 4 -AC = -11 .91 Hz
414.0 Hz X  6 .90 -AD s 3 .64 Hz
427.0 Hz 1: 7 .1 2 ^BC r: 3.49 Hz
-BD = -1 2 .4 2 Hz
-CD = 0.87 Hz
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T h is  enab led  a f u r th e r  s e t o f  i t e r a t i v e  c a lc u la t io n s  to  be c a r r ie d  
o u t g iv in g  f i n a l l y  the  param eters  and th e o r e t ic a l  spectrum  shown in  
Table  16 . The th e o r e t ic a l  spectrum  is  compared w ith  the  observed 
spectrum  in  F ig .  9 .
Table  16. Param eters and th e o r e t ic a l  spectrum  f o r
2 ,2 ,3 - t r ic h lo r o - 1 ,4 - d io x a n  in  benzene s o lu t io n .
v  „  374 .97 Hz X  6 .25
-A B  =
11 .64  Hz
VB = 375 .26 Hz X  6 .26 ^AC = -1 1 .9 6  Hz
V  = 408 .67 Hz T  6.81
-A D  =
3 .6 9  Hz
V  = 427 .27 Hz X 7 .1 2
-B C  = 
•^ D  = 
■^ CD =
3 .3 2  Hz 
-1 2 .3 0  Hz 
0 .98  Hz
F requency R e la t iv e F requency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
359.127 0.212 393.542 0.646 423.634 1 .189
359.169 0.209 395.836 0.501 423.874 0.951
369.590 1 .519 405.404 0.835 424.299 0 .742
369.782 1 .102 405.904 0.937 424.445 1 .014
370.149 1.257 406.013 0.973 425.313 0.191
370.353 1 .585 406.216 1 .389 430.813 0 .688
377.329 2.019 411.937 0.304 431 .763 0.849
378.046 1 .912 412.951 0.747 432.820 0 .796
378.536 1 .687 413.411 0.741 433.106 0 .619
378.996 2.404 413.697 0.519 443.175 0.131
389.026 0.863 414.468 0.723 443.283 0 .116
389.191 1 .039 414.712 0.372
1 , 4-D io x in o - 1 , 4- d io x in - 2 ,3 -d ic a rb o x y la te s ♦
The a n a ly s is  o f an AfflNX p a t te rn  i s  a l i t t l e  more 
s t ra ig h t fo rw a rd  than  th a t  o f an ABCD p a t te rn ,  s in c e  the  param ete rs  
from  the  A and X p o r t io n s  o f the  spectrum  may be de te rm ined  by 
in s p e c t io n ,  t h i s  le a v in g  th re e  p a ram ete rs , V ^ ,  and
which can o n ly  be de te rm ined  by use o f  a com pute r.
The spectrum  o f d im e th y l ( - ) - 1 ,4 - d io x in o - 1 , 4 - d io x in - 2 ,3 -
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d ic a rb o x y la te ,  in  benzene s o lu t io n ,  shows a la rg e  p o r t io n  o f  the  
MW p a r t  o f  the  spectrum  to  be c o in c id e n t  w ith  the  s ig n a ls  from  the  
methoxy g roups , whereas f o r  the  d ie th y l  e s te r  i t  i s  the  A p a r t  o f  
the  spectrum , in  b o th  benzene and d e u te r io c h lo ro fo rm  s o lu t io n s ,  
which i s  masked, t h i s  tim e  by the  s ig n a ls  from  the  m ethylene p ro to n s  
o f the  e thoxy  g ro up s .
C o n s id e rin g  f i r s t l y  the  spectrum  o f the  d im e th y l e s te r  the
44fo l lo w in g  c o u p lin g  c o n s ta n ts  have been e x tra c te d  by in s p e c t io n ,
2 .1 , 2 .1 , -1 1 .5 ,  3 .5  and 10 .0  H z. In  a d d it io n  to  th e s e , e xa m in a tio n  
o f the  spectrum  a ls o  enab les  and to  be d e te rm in e d . The 
re m a in in g  c o u p lin g  c o n s ta n t,  a gem ina l c o u p lin g  c o n s ta n t,  would 
n o t be expected  to  d i f f e r  g r e a t ly  from  the  o th e r  gem ina l c o u p lin g  
c o n s ta n t.  From these c o u p lin g  c o n s ta n ts  the  fo l lo w in g  ass ignm ents  
may be made, = 3 .5 ,  J ftN -  1 0 .0 , J ftX = -1 1 .5 ,  = -1 1 .5 ,
= 2.1 and -  2.1 H z. A s e r ie s  o f t r i a l  c a lc u la t io n s  was 
c a r r ie d  o u t u s in g  these  va lu e s  and and to g e th e r  w ith
d i f f e r in g  va lu e s  o f and V ^ .  S u f f ic ie n t  o f  the  MN p o r t io n  o f 
the  spectrum  is  v is ib le  to  enab le  us to  compare th e  th e o r e t ic a l  
spectrum  w ith  th a t  observed , th e  param ete rs  g iv in g  the  c lo s e s t  f i t  
be ing  shown in  Table  1 7 .
Table  1 7 . Param eters g iv in g  r is e  to  " b e s t - f i t "  t r i a l  spectrum  f o r  
d im e th y l ( - ) - 1 , 4 -d io x in o -1 , 4 - d io x in - 2 ,3 -d ic a rb o x y la te  
in  benzene s o lu t io n .
-  612 .0  Hz 1T6.12
V  = 663 .0  Hz 1 :6 .6 3M
= 675.0  Hz T 6 .7 5
Vx = 714 .0  Hz T 7 .1 4
-AM s
in.to Hz
-Al\! s 10 .0 Hz
-AX = -11 .5 Hz
4 y)W s -11 .5 Hz
-MX = 2.1 Hz
•4lX = 2.1 Hz
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These were then  used as a b a s is  f o r  an i t e r a t i v e  c a lc u la t io n ,  t h i s  
g iv in g  the  param ete rs and th e o r e t ic a l  spectrum  shown in  Tab le  18 .
Table  1 8 . Param eters and th e o r e t ic a l  spectrum  f o r  d im e th y l 
( - ) - 1 , 4 -d io x in o -1 , 4 -d io x in - 2 ,3 -d ic a rb o x y la te  in  
benzene s o lu t io n .
V  -  613.38H Hz '£ 6 .1 3 -AW = 2 .97  Hz
v>m = 663.78 Hz 1 :6 .6 4 -AN = 11.05  Hz
V = 676 .04 Hz ^ 6 .7 6 -AX = -11 .67 Hz
Vx = 713.53 Hz ^ 7 .1 4 “ iYiW = 
-NX ”  
-NX =
-1 2 .1 2  Hz 
1 .93 Hz 
2 .7 4  Hz
Frequency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
588.852 0.013 652.339 0.154 679.204 1 .528
599.896 0.707 654.349 0.192 681 .270 0.261
600.703 0.017 656.159 0.397 688.742 0.213
603.715 0.778 658.196 0.439 691.233 0.443
609.859 0.930 664.359 1.960 705.983 1 .298
611 .312 0.851 666.407 1 .994 708.057 1 .151
613.706 1 .080 666.740 2.067 708.474 1.033
615.104 0.951 668.151 1.339 710.511 0.953
621.293 1.173 669.212 2.075 717.400 0 .965
624.722 0 .034 670.225 1 .572 719.447 0 .892
625.114 1 .400 676.750 1 .156 719.909 0.873
635.695 0.048 678.761 0.225 721 .919 0.812
T h is  t h e o r e t ic a l  spectrum  is  shown compared w ith  the  observed
spectrum  in  F ig .  10 .
F o r the  d ie th y l  e s te r ,  in  benzene s o lu t io n ,  i t  i s  th e  A
p a r t  o f the  spectrum  w hich i s  h idden  and the  o n ly  param ete rs  th a t
can be e x tra c te d  by in s p e c t io n  a re  V  , and J .IV* The v a lu e s
X  A X  ~ n l X  " * N X
o f th e  c o u p lin g  c o n s ta n ts  a re  com parable w ith  those  o b ta in e d  
f o r  the  d im e th y l e s te r ,  co nse q ue n tly  the  va lu e s  o f  those  o b ta in e d  
above, to g e th e r  w ith  e s tim a te s  f o r  the  chem ica l s h i f t s  were used to  
c a lc u la te  a th e o r e t ic a l  spectrum , these  va lu e s  be ing  shown in
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Table 19 .
Table  1 9 . Param eters g iv in g  r is e  to  " b e s t - f i t 11 t r i a l  spectrum  f o r  
d ie th y l  ( - ) - 1 ,4 - d io x in o - 1 ,4 - d io x in - 2 ,3 - d ic a r b o x y la te  in  
benzene s o lu t io n .
y
A = 612.0 Hz r  6 .1 2 -AM
-  2 .97 Hz
= 669.0 Hz X 6 .6 9 -AN -  11.05 Hz
VN = 683.0 Hz T 6 .8 3 —AX
= -1 1 .6 7 Hz
VX = 719 .0 Hz X 7 .1 9 —MN
-  -1 2 .1 2  Hz
—MX
= 1 .93 Hz
4 x = 2 .74 Hz
These f ig u r e s  were used as a b a s is  f o r  an i t e r a t i v e  c a lc u la t io n  
g iv in g  the  param eters  and th e o r e t ic a l  spectrum  shown in  Tab le  20 .
Table  20 . Param eters and th e o r e t ic a l  spectrum  f o r  d ie th y l
( - ) - 1 , 4 -d io x in o -1 , 4 -d io x in - 2 ,3 -d ic a rb o x y la te in
benzene s o lu t io n .
V = 610.93H Hz "£6.11 -AM = 2.97  Hz
V  -  665.42M Hz X. 6 .65 -AN = 11.15  Hz
1/ = 676.96 Hz T 6 .7 7 -AX = -11 .56 Hz
V -  715.44
A
Hz 0 :7 .1 5 -MN =
^YjX = 
4 lX  =
-1 2 .1 7  Hz 
1 .96  Hz 
2 .63  Hz
Frequency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
586.999 0.016 653.736 0.131 680.174 1 .546
597.475 0 .719 655.774 0.163 682.307 0 .225
598.654 0.020 657.677 0 .382 689.859 0 .214
601.420 0.785 659.742 0.421 692.264 0 .415
607.432 0.928 665.816 1 .976 707.932 1 .282
608.804 0.860 667.804 2.074 710.029 1 .139
611.400 1 .078 667.886 2.023 710.337 1 .040
612.723 0 .952 669.734 1 .363 712.401 0 .955
618.779 1.157 670.194 2.095 719.262 0 .968
621 .852 0.038 671.831 1 .595 721 .332 0.895
622.720 1 .378 677.802 1 .195 721.684 0 .882
632.848 0.053 679.885 0.195 723.722 0 .820
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T h is  t h e o r e t ic a l  spectrum  is  shown compared w ith  the  observed 
spectrum  in  F ig#  11 .
The spectrum  o f  the  d ie th y l  d ic a rb o x y la te  in  d e u te r io c h lo ro fo rm  
s o lu t io n  i s  n o t as w e ll  re s o lv e d  as th a t  in  benzene s o lu t io n  b u t 
the  method o f  a n a ly s is  was the  same, t h i s  g iv in g  the  param ete rs  
and th e o r e t ic a l  spectrum  shown in  Table  21•
Tab le  21• Param eters and th e o r e t ic a l  spectrum  f o r  d ie th y l
( - ) - 1 9 4 -d io x in o -1 , 4 -d io x in - 2 ,3 -d ic a rb o x y la te in
d e u te r io c h lo ro fo rm  s o lu t io n .
^  = 584.27 Hz 5 .84 —Am = 2 .82  Hz
= 601.34 Hz X 6 .0 1 -AN = 11.06  Hz
^  = 614.01 Hz ^ 6 .1 4 -AX = -1 1 .7 8  Hz
Vx = 648.85 Hz r 6 .4 9 ~ m  ~
“ MX =
*^NX =
-1 1 .9 3  Hz 
2 .09  Hz 
2 .70  Hz
Frequency R e la t iv e F requency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
569.853 0.014 602.425 2.184 623.294 0.036
570.384 0.521 604.325 2.063 627.280 0 .114
573.308 0.632 605.190 2.505 629.250 0.443
580.437 0.927 605.192 1 .084 641.826 1.351
581.434 0.564 606.289 0.081 643.796 0 .953
583.812 1 .165 606.487 0.028 644.284 1 .163
584.201 0.734 607.459 2.212 644.895 0.119
590.842 0.598 607.650 1 .489 646.100 0.989
591.941 0.896 615.746 0.662 652.876 0.904
592.588 0.195 616.773 0.349 654.776 0.831
593.658 0.028 617.562 1 .352 655.299 0.813
594.757 2.298 619.196 0.318 655.947 0.090
595.309 0.052 620.835 0.033 657.045 0 .661
595.962 0.494 622.196 0.023
T h is  t h e o r e t ic a l  spectrum  is  shown compared w ith  the  observed 
spectrum  in  F ig ,  1 2 .
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SS* - ( 1 . 4-D io xa n - 2 ,3 - d i y l ) d ith io u ro n iu m  d ic h lo r id e .
The n .m .r .  spectrum  o f SS1- ( 1 t 4 -d io x a n -2 ,3 -d iy l ) d ith io u ro n iu m
d ic h lo r id e  shows an AA'BB* p a t te rn  from  the  p ro to n s  o f the
e th y le n e  m o ie ty  f o r  s o lu t io n  in  d e u te ra te d  d im e th y l su lp h o x id e
(d,.-DMS0), t r i f l u o r o a c e t i c  a c id  (TFA ), and d e u te riu m  o x id e  (Do0 ) ,6 £
to g e th e r  w ith  a s in g le t  from  the  p ro to n s  on C-2 and C -3 . T h is
m o lecu le  th e re fo re  e x is t s  e i t h e r  in  the  r i g i d  c h a ir  c o n fo rm a tio n
w ith  the  s u b s t i tu e n ts  t r a n s -  o r w ith  the  s u b s t itu e n ts  c i s -  and
the  m o lecu le  undergo ing  ra p id  in te rc o n v e rs io n  between the  extrem e
c h a ir  c o n fo rm a tio n s . The o n ly  way to  d i f f e r e n t ia t e  between these
p o s s ib i l i t i e s ,  from , the  n .m . r .  spectrum , i s  by way o f a r ig o ro u s
a n a ly s is  o f the  AA'BB1 p a t te rn  to  o b ta in  the  c o u p lin g  c o n s ta n ts .
76I t  i s  n o t p o s s ib le  to  a p p ly  the  method o f Abraham owing to  the
93o v e r la p  o f t r a n s i t io n s ,  and the  c o m p ila t io n  o f th e o r e t ic a l  s p e c tra  
does n o t c o n ta in  the  c o r re c t  co m b in a tio n  o f  param eters to  enab le  
us to  e x t r a c t  the  param eters in  t h i s  way. The a n a ly s is  was 
th e re fo re  c a r r ie d  o u t u s in g  the  com puter as b e fo re .
A s e r ie s  o f  t r i a l  c a lc u la t io n s  was c a r r ie d  o u t u s in g  a s e t 
o f  c o u p lin g  c o n s ta n ts  expected  f o r  each o f the  c o n f ig u ra t io n s  
above, to g e th e r  w ith  a v a r ie ty  o f  d if fe re n c e s  o f chem ica l s h i f t .
The s p e c tra  so produced w ith  the  c o u p lin g  c o n s ta n ts  o b ta in in g  to  
the  t ra n s -  c o n f ig u ra t io n  resem bled th e  observed s p e c tra  v e ry  
c lo s e ly ,  th e  param eters g iv in g  the  c lo s e s t  f i t  f o r  each s o lv e n t  
be ing  shown in  Table  22 . However as a check an i t e r a t i v e  
c a lc u la t io n  was a tte m p ted  u s in g  the  l in e  numbers from  th e  c is -  
c o n f ig u ra t io n  t r i a l  c a lc u la t io n s *  the  r e s u l t s  o b ta in e d  b e ing  
t o t a l l y  unaccep tab le  f o r  the  system  under c o n s id e ra t io n .
From these  t r i a l  c a lc u la t io n s  i t  was observed th a t  each
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Table 22. Param eters o b ta in e d  by t r i a l  c a lc u la t io n s  f o r  the  
spectrum  o f SS1- ( 1 , 4 -d io x a n -2 ,3 -d iy l ) d ith io u ro n iu m  
___________ d ic h lo r id e  in  s e v e ra l s o lv e n ts ._______________________
d,_ —DIYISO TFA Do0o z
Vft = 324 .0  Hz V  -  319 .0  Hz V  -  319 .0  Hz
V -  356 .0  Hz V  = 361 .0  Hz VD = 361 .0  HzD □ D
~AA' = ~BB' =
-AB = - A 'B ' = " 1 2 * 2 HZ -A 'B  = -AB* = 3 ,3  Hz
peak in  the  observed spectrum  arose from  fo u r  t r a n s i t i o n s .  To 
c a r ry  o u t an i t e r a t i v e  c a lc u la t io n  a fre qu e ncy  must be a c c u ra te ly  
ass igned  to  each o f these t r a n s i t io n s ,  and s in c e  each peak has a 
w id th  a t  h a l f  h e ig h t  o f a p p ro x im a te ly  4 Hz, t h i s  i s  e x tre m e ly  
d i f f i c u l t  to  do . S e ve ra l i t e r a t i v e  c a lc u la t io n s  were c a r r ie d  o u t 
each g iv in g  r e s u l t s  w hich were u n a cce p ta b le , and a f t e r  each o f 
these  the  l in e  p o s it io n s  were re -e s t im a te d  and the  c a lc u la t io n  
re p e a te d , g iv in g  f i n a l l y  the  param ete rs and s p e c tra  shown, f o r  
D2O s o lu t io n ,  in  Table  23, f o r  DMS0 s o lu t io n ,  in  Table  24, and 
f o r  TFA s o lu t io n ,  in  Table  25. The th e o r e t ic a l  s p e c tra  a re  
compared w ith  the  observed s p e c tra  in  F ig .  13, F ig .  14 and F ig .  15 
r e s p e c t iv e ly .
These param eters  g iv e  a s e l f  c o n s is te n t  v iew  o f the  
c o n fo rm a tio n  o f t h i s  m o le cu le , a lth o u g h  the  agreement between 
the  va lu e s  o f jJ g g ,, from  s o lv e n t to  s o lv e n t ,  e s p e c ia l ly ,  i s  n o t 
as good as has been o b ta in e d  p r e v io u s ly .  A s e r ie s  o f  t r i a l  
c a lc u la t io n s  was c a r r ie d  o u t to  in v e s t ig a te  the  dependence o f  
the  l in e  p o s it io n s  upon the  va lu e s  o f  the  c o u p lin g  c o n s ta n ts , 
and i t  was found  th a t  the  p o s i t io n  o f c e r ta in  t r a n s i t io n s  was 
independent o f the  va lu e s  o f c e r ta in  o f the  c o u p lin g  c o n s ta n ts ,
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Table  23. Param eters and th e o r e t ic a l  spectrum  f o r
SS1- ( 1 ,4 - d io x a n - 2 ,3 - d iy l) d i th io u r o n iu m  d ic h lo r id e
in  d eu te riu m  ox ide  s o lu t io n .
= 332.36 Hz ^ 5 . 5 5 “ AA , a 11.06 Hz
V  -  363.34 Hz ^ 6 . 0 6D -AB = -A 'B *  = " 12 .78  Hz
-AB » = “ A'B = 2 .9 2  Hz
-BB , a 0 .66  Hz
( Frequency R e la t iv e  > Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) I n te n s i t y (Hz) In te n s i t y
316*287 0.183 335.593 1 .879 360.656 1 .817
317.328 0.192 336.474 2.599 361.322 1 .920
325.674 0.951 344.430 1 .049 368.068 1 .1 29
325.962 1 .327 345.897 1 .549 368.950 1 .401
326.750 1 .401 349.803 1 .549 369.738 1 .327
327.632 1 .129 351.270 1 .049 370.026 0.951
334.378 1 .920 359.226 2.599 378.372 0 .192
335.044 1 .817 360.107 1 .879 379.413 0 .183
and th a t the  peaks o f  lo w e s t in t e n s i t y ,  those  a t  the  e x t r e m it ie s
o f each arm and a t  the  c e n tre  o f  each s ig n a l,  were more
s e n s it iv e to  th e  changes in  the  va lu e  o f  any p a r t i c u la r  c o u p lin g
Table  24. Param eters and th e o r e t ic a l  spectrum  f o r
SS1- ( 1 ,4 - d io x a n - 2 ,3 - d iy l) d i th io u r o n iu m  d ic h lo r id e
in  d e u te ra te d  d im e th y l su lp h o x id e s o lu t io n .
V  = 345.05 Hz ^ 5 . 7 5  Jn ” HH = 10.77  Hz
V  -  367.35 Hz T 6 .1 2  J . Db “ Md = J A, B, = -1 2 .7 8  Hz
-A B ' = “ A’ B = 2 .9 2  Hz
■4b ' a 0.51 Hz
Frequency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
321.039 0.014 348.111 1.927 367.088 1 .265
328.997 0 .142 348.863 2.791 372.383 0 .945
331.337 0.155 .355 .609 2 .580 373.135 1 .209
337.258 0.692 355.685 1 .308 374.094 1 .113
338.305 1 .113 356.715 1 .308 375.142 0 .692
339.265 1 .209 356.791 2.580 381.063 0 .155
340.017 0.945 363.537 2.791 383.403 0 .142
345.312 1 .265 364.289 1 .927 391.361 0 .014
347.423 1 .858 364.977 1 .858
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Table  25 . Param eters and th e o r e t ic a l  spectrum  f o r
S S '- ( 1 ,4 - d io x a n - 2 ,3 - d iy l) d i th io u r o n iu m  d ic h lo r id e
in  t r i f l u o r o a c e t i c  a c id s o lu t io n . .
CMin.oCMto117^ Hz 7^5 .34 -A A ' = 10 .65  Hz
VB = 358.98 Hz 7T5.98 -AB = JA, B, = -1 2 .5 8  Hz
-A B ’ = -A 'B  = 2.81 Hz
-B B ' = 0 .50  Hz
F requency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
305.041 0.223 323.914 1 .833 356.023 1 .777
305.505 0.225 324.794 2.492 356.1 21 2 .143
314.359 1 .449 332.856 0.915 363.590 1 . 2 1 2
314.421 1 .085 334.317 1 .138 364.470 1 .508
315.030 1 .508 345.183 1 .1 38 365.079 1 .085
315.910 1 . 2 1 2 346.644 0.915 365.141 1 .449
323.379 2.143 354.706 2.492 373.994 0.225
323.477 1 .777 355.586 1 .833 374.459 0.223
c o n s ta n t than  the  o th e r t r a n s i t i o n s .  C o n s id e rin g  the  s p e c tra  
under c o n s id e ra t io n  these  peaks a re  n o t v is ib le  f o r  s o lu t io n  
in  DIYISO and a re  n o t ve ry  w e ll re s o lv e d  f o r  s o lu t io n  in  TFA, and 
i t  may w e ll be, th e re fo re ,  th a t  the  va lu e s  o b ta in e d  f o r  
s o lu t io n  in  D^O are  more a c c u ra te . A ltho u gh  the  fre q u e n c ie s  
o f the  more in te n s e  t r a n s i t io n s  were m o d if ie d  by a change in  
the  va lu e s  o f a l l  o r  some o f the  c o u p lin g  c o n s ta n ts , owing 
to  the  w id th  o f the  observed peaks, the y  c o u ld  e q u a lly  w e ll  
be accomodated under the  enve lope o f s ig n a ls  obse rve d . I t  i s  
p o s s ib le  to  e s tim a te  th a t  the  v a lu e s  o f the  c o u p lin g  c o n s ta n ts  
a re  c o r re c t  to  + 0 ,2  H z, T h is  e r r o r  is  n o t s u f f i c i e n t  to  a f f e c t  
any d e d u c tio n s  th a t  may be made co n ce rn in g  the  c o n fo rm a tio n  
o f t h i s  m o le c u le .
T h is  conc ludes the  d is c u s s io n  o f the  fo u r  p ro to n  system s, 
the  re m a in in g  s p e c tra  o f t h i s  type  be ing  capab le  o f in t e r p r e ta t io n  
by in s p e c t io n ,  however the  s p e c tra  o f two compounds g iv in g  r is e  to
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complex s ix  p ro to n  system s have been s tu d ie d *
B i- 1 , 3-d io x a n - 2 - y l .
The n .m . r .  spectrum  o f a benzene s o lu t io n  o f b i- 1 ,3 - d io x a n - 2 - y l ,
a t  100 MHz, shows f iv e  a b s o rp tio n s  these  be ing  a t  "£ 5 .3 5 , a s in g le t
co rre sp o n d in g  to  two p ro to n s , a t  '£ 6 .2 0 ,  a sym m e trica l m u l t ip le t
co rre sp o n d in g  to  fo u r  p ro to n s , a t  '"£ 6 .6 6 , a sym m e trica l m u l t ip le t
co rre sp o n d in g  to  fo u r  p ro to n s , a t  '£ 8 .2 1 ,  a sym m e trica l m u l t ip le t
co rre sp o n d in g  to  two p ro to n s , and a t  '£ 9 .4 0 ,  a sym m e trica l
m u l t ip le t  a ls o  co rre sp o n d in g  to  two p ro to n s . The l i t t l e  d is t o r t io n
v is ib le  in d ic a te s  th a t  t h i s  spectrum  may be t re a te d  as f i r s t - o r d e r ,
t h i s  be ing  co n firm e d  by the  subsequent com puter a n a ly s is .  The
s ig n a l a t  T 5 .3 5  may be ass igned  to  the  p ro to n s  on the  carbon
atoms between two oxygen atom s, w h ile  the  re m a in in g  s ig n a ls  a r is e
from  an AA'MM’ XY system , where AA' and MM1 re p re s e n t p a ir s  o f
c h e m ic a lly  e q u iv a le n t  n u c le i .  From t h i s  spectrum  i t  has proved
p o s s ib le  to  e x t r a c t  some o f the  c o u p lin g  c o n s ta n ts  by in s p e c t io n ,
95w h ile  the  rem a inde r can be o b ta in e d  by use o f  s p in  d e c o u p lin g , 
t h i s  a ls o  e n a b lin g  the  r e la t iv e  s ig n s  o f  the  c o u p lin g  c o n s ta n ts  
to  be d e te rm in e d . The s ig n a l a t  lo w e s t f i e l d  shows c o u p lin g s  o f  
1 1 .4 , 5 .2  and 1 .3  Hz, w h ile  the  s ig n a l a t  h ig h e s t f i e l d  shows 
c o u p lin g s  o f 1 3 .0 ,  2 .6  and 1 .3  Hz. The s ig n a l c e n tre d  a t  £ 6 .6 6  
shows two c o u p lin g s  o f the  o rd e r o f  1 1 .5  Hz and one o f 2 .6  Hz, 
w h ile  the  s ig n a l c e n tre d  a t  £ 8 .2 0  is  seem ing ly  n o t capab le  o f 
a n a ly s is  by in s p e c t io n  and s p in  d e co u p lin g  has been used to  
ana lyse  t h i s  p a t te rn  and to  check th e  va lu e s  o b ta in e d  by in s p e c t io n .
An example o f s p in  d e co u p lin g  i s  shown in  F ig .  1 6 . The 
to p  tra c e s  a re  taken  from  the  a c tu a l spectrum  w h ile  the  lo w e r
F i g *  16* Sp in  d e c o u p l in g *
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t ra c e s  a re  those  o b ta in e d  a f t e r  i r r a d ia t io n  a t  the  c e n tre  o f  the
s ig n a l a t  lo w e s t f i e l d  and o b se rv in g  the  s ig n a ls  a t  th e  h ig h  f i e l d
end o f the  spectrum * The r e s u l t s  o f th e  s p in  d e co u p lin g  e xp e rim e n t
may be e x p la in e d  by re p re s e n t in g  th e  system  under c o n s id e ra t io n  as
shown in  F ig .  17, w ith  H g iv in g  r is e  to  the  s ig n a l a t  lo w e s t f i e l d ,a
a t  h ig h e r  f i e l d  e tc .
F ig .  1 7 . AA'PWl'XY system
The s ig n a l a t  T .8 .2 1 , due to  H , i n i t i a l l y  shows c o u p lin gc
to  two Hg p ro to n s , two H^ p ro to n s  and one p ro to n , and, p ro v id in g
th e re  i s  no a c c id e n ta l co in c id e n c e  o f l in e s ,  would be expec ted  to
g iv e  r is e  to  a com plex p a t te rn  o f e ig h te e n  l i n e s .  By i r r a d ia t io n
a t  the  c e n tre  o f  the  s ig n a l from  the  c o u p lin g  between these  two
n u c le i (J  ) i s  removed, and two t r i p l e t s  would be e x p e c te d . The ac
s ig n a l a f t e r  i r r a d ia t io n  shows two t r i p l e t s  a lth o u g h , because o f  
the  va lu e s  o f the  c o u p lin g  c o n s ta n ts  in v o lv e d , c o n s id e ra b le  
o v e r la p p in g  i s  obse rved . The two most in te n s e  peaks a re  a t  th e  
c e n tre s  o f  t h e i r  re s p e c t iv e  t r i p l e t s  w ith  one arm o f  th e  o th e r  
t r i p l e t  c o in c id e n t .  The va lu e s  o f  th e  c o u p lin g  c o n s ta n ts  a re  1 1 .9  
and 1 3 .0  Hz. The same argum ent a p p lie s  f o r  the  s ig n a ls  e xpec ted  from  
b o th  b e fo re  and a f t e r  i r r a d ia t io n ,  b u t in  t h i s  case th e  t r i p l e t s  
a re  more obv ious s in c e  the  va lu e s  o f  th e  c o u p lin g  c o n s ta n ts  a re  
1 3 .0  and 2 .6  H z. The s ig n a l fro m  H^ i s  to o  c lo s e  to  the  p o in t  o f 
i r r a d ia t io n  to  be obse rved .
S p in  d e co u p lin g  was c a r r ie d  o u t by i r r a d ia t io n  a t  the  c e n tre
122
o f each s ig n a l and o b se rv in g  the  e f f e c t  on each o f the  o th e r  
s ig n a ls .  T h is  has a ls o  been c a r r ie d  o u t w ith  the  spectrum  in  carbon 
te t r a c h lo r id e  s o lu t io n ,  the  va lu e s  o f the  c o u p lin g  c o n s ta n ts  
be ing  id e n t ic a l  to  those in  benzene s o lu t io n .  The com plete 
s e t o f  param ete rs  i s  shown in  Tab le  26.
Table  26. Param eters e x tra c te d  by a f i r s t - o r d e r  a n a ly s is  o f the
spectrum  o f  b i - 1 , 3 -d io x a n -2 -y l in  benzene and in
carbon te t r a c h lo r id e  s o lu t io n s .
Carbon
Benzene te t r a c h lo r id e
s o lu t io n s o lu t io n
a
6 .2 0 6 .0 0
X 6 .66 6 .38
c
8.21 7 .98
9 .40 8 .73
-a b  = -1 1 .4  Hz
iioJO 1 1 .9  Hz
4 c  - 5 .2  Hz —bd 2.6  Hz
-a d  = 1 .3  Hz
iiTJCJ
-J| -1 3 .0  Hz
The pa ram ete rs , f o r  benzene s o lu t io n ,  have been used to  
c a lc u la te  the  th e o r e t ic a l  spectrum  and t h i s  shows some m ino r 
d if fe re n c e s  from  th a t  observed , e s p e c ia l ly  in  the  s ig n a l a t  '"U 8 .2 1 . 
An i t e r a t i v e  c a lc u la t io n  was th e re fo re  c a r r ie d  o u t to  match the  
s p e c tra  c o m p le te ly .  The param eters o b ta in e d  and the  th e o r e t ic a l  
spectrum  are  shown in  Table  27. F u r th e r  s p l i t t i n g  is  v is ib le  on 
the  observed spectrum , e s p e c ia l ly  in  the  two s ig n a ls  a t  low  f i e l d ,  
t h i s  be ing  due to  lo n g  range c o u p lin g  and i s  n o t re p ro d u c ib le  
in  the  com puter c a lc u la t io n .
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Table 27. Param eters 
in  benzene
and th e o r e t ic a l  spectrum  f o r  b i-1  
s o lu t io n .
,3 - d io x a n - 2 - y l
X H = 6 .2 1
a
= 6 .69
Hb
X H = 8.21 
c
= 9*41
Hd
J , = —ab
J = —ac
J . = —ad
-b e  =
-b d  =
J , = —cd
-11 .66 Hz 
5 .00  Hz 
1 .27 Hz 
12.27  Hz 
2 .32  Hz 
-1 3 .1 5  Hz
F requency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
611 .107 0.679 658.171 2.366 815.145 1 .268
611.128 0.689 658.358 1 .200 815.365 1 .264
611.366 1 .439 658.447 1 .134 818.806 0.839
611.392 1 .439 658.476 1 .200 819.849 0.820
611 .603 0.762 658.477 1 .142 820.368 1 .204
611.627 0.758 658.744 2.373 821 .187 0 .775
612.403 0.687 667.514 1 .302 821 .758 1 .159
612.427 0.697 667.706 0.631 822.663 1 .139
612.675 1 .460 667.789 0.710 826.263 0 .734
612.700 1 .460 667.813 0.703 826.319 0 .733
612.923 0.774 667.833 0.624 827.320 1 .094
612.942 0.770 667.988 2.578 827.324 1 .097
616.255 0.755 668.027 1 .326 827.325 1 .096
616.264 0.750 668.122 1 .269 827.325 1 .098
616.477 1 .581 668.192 1 .331 831.394 0 .694
616.504 1 .580 668.218 1 .340 831 .953 1 .059
616.695 0.819 668.223 1 .273 832.919 1.043
616.706 0.829 668.412 2.586 834.280 1 .004
617.522 0.761 669.807 1 .329 839.366 0.966
617.529 0.754 670.020 0.643 839.418 0.965
617.775 1 .603 670.116 0.728 844.502 0.929
617.807 1 .602 670.138 0.721 931.356 1 .130
618.021 0.835 670.145 0.636 932.639 1 .123
618.032 0.846 670.289 2.614 932.652 1 .123
622.776 1.250 670.364 1 .357 933.361 1 .115
622.791 1.251 670.428 1 .283 933.693 1 .115
622.954 2.444 670.514 1 .356 933.937 1 .115
623.078 2.455 670.542 1 .289 934.957 1 .108
623.273 1.172 670.545 1 .366 934.958 1 .108
623.290 1 .184 670.760 2.625 934.958 1 .108
624.070 1 .257 679.643 1 .677 934.959 1 .108
624.079 1 .257 679.787 0.882 935.983 1 .101
624.254 2.452 679.854 0.797 936.225 1 .101
624.377 2.463 679.883 0.790 936.284 1 .101
624.592 1 .174 679.885 0.873 937.281 1 .095
624.603 1 .186 680.035 1 .700 937.286 1 .095
627.917 1 .286 681.933 1 .725 938.585 1 .088
627.929 1 .297 682.094 0.914 944.445 0.921
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Table 27 c o n tin u e d
F requency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
628.081 2.495 682.177 0 .815 945.743 0 .912
628.177 2.503 682.204 0 .904 945.746 0.911
628.357 1 .224 682.212 0.806 946.738 0.901
628.371 1 .220 682.373 1.753 946.769 0.901
629.185 1 .298 797.052 1 .140 947.045 0.902
629.195 1 .311 802.041 1.069 948.057 0.891
629.366 2.508 802.272 1 .064 948.058 0.891
629.474 2.517 807.261 0.999 948.058 0 .892
629.684 1 .227 808.620 0.946 948.058 0.891
629.698 1 .222 809.618 0.923 949.076 0.881
655.862 2.348 810.142 1.333 949.354 0.882
656.120 1 .127 814.223 0.879 950.383 0.871
656.151 1 .134 814.224 0.880 950.385 0.871
656 .164 1 .189 814.225 0.878 951.693 0.861
656.405 2.352
T h is  procedure was re p ea ted  f o r  the spectrum  in  carbon
te t r a c h lo r id e  s o lu t io n ,  the  param eters  o b ta in e d  and the th e o r e t ic a l
spectrum are shown in Table  28.
Table  28. Param eters 
in  carbon
and th e o r e t ic a l  spectrum  f o r  b i-1  
te t r a c h lo r id e  s o lu t io n .
,3 - d io x a n - 2 - y l
= 5 *94 ~ab = -11 .61  Hz0
= 6 .3 2
Hb -a c
5 .1 9  Hz
^  s 7 .93  
c -a d
= 1 .1 9  Hz
' t u = 8 .7 2  
Hd -b e  
—bd
= 1 2 .2 2 H z  
2 .24  Hz 
= -1 3 .0 7  Hz
Frequency R e la t iv e Frequency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) I n te n s i t y
584.225 0.617 621.995 2.512 787.045 1 .305
584.261 0.628 622.153 1 .263 787.304 1 .299
584.476 1.308 622.260 1.205 790.899 0.779
584.499 1.307 622.287 1 .213 791.894 0.761
584.687 0.691 622.293 1 .257 792.526 1 .240
584.728 1 .689 622.548 2.508 792.642 0.730
585.472 0.629 631.347 1 .182 793.334 1 .212
585.498 0.640 631.502 0 .576 794.149 1 .195
585.734 1 .335 631.593 0.646 797.947 0.681
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Table 28 continued
Frequency R e la t iv e
(Hz) In te n s i t y
585.760 1 .334
585.946 0.706
583.983 0.704
589.607 0.707
589.630 0.703
589.812 1 .481
589.840 1 .480
590.018 0.765
590.038 0.776
590.817 0.716
590.837 0.710
591.060 1 .507
591.090 1 .506
591.283 0.782
591.307 0.794
595.838 1.298
595.867 1 .308
595.995 2.569
596.143 2.589
596.300 1 .236
596.334 1 .249
597.085 1 .304
597.104 1.312
597.237 2.575
597.384 2.594
597.559 1 .238
597.589 1.251
601 .213 1 .336
601.238 1 .348
601.365 2.594
601.479 2.606
601.625 1 .280
601.646 1 .281
602.424 1 .347
602.446 1 .361
602.588 2.605
602.713 2.619
602.890 1.283
602.916 1.282
619.733 2.494
619.895 1 .252
619.980 1 .197
620.007 1 .204
620.039 1 .245
620.254 2.487
F requency R e la t iv e
(Hz) In te n s i t y
631.614 0.640
631 .652 0.569
631.686 2.669
631.804 1 .206
631.826 1 .322
631.887 1 .374
631 .912 1.383
631.942 1 .323
632.107 2.671
633.584 1 .219
633.759 0.593
633.873 0.668
633.893 0.663
633.906 0.587
633.951 2.706
634.078 1.337
634.084 1 .247
634.169 1 .399
634.198 1 .409
634.208 1 .339
634.406 2.709
643.309 1 .563
643.434 0.820
643.493 0 .744
643.520 0.737
643.548 0.811
643.675 1 .585
645.554 1 .617
645.687 0 .854
645.775 0 .764
645.807 0.746
645.815 0.843
645.944 1 .643
768.802 1.084
774.009 1 .009
774.278 1 .002
779.483 0.933
780.279 0.898
781 .172 0.878
781.821 1.371
786.059 0.822
786.063 0.826
786.064 0.827
786.065 0.826
Frequency R e la t iv e  >
(Hz) In te n s i
797.997 0.681
799.086 1 .146
799.091 1 .152
799.092 1 .152
799.092 1 .1 53
803.297 0.634
803.971 1 .113
804.899 1 .099
805.654 1 .073
810.972 1 .036
811 .018 1 .036
816.331 1 .002
862.692 1.178
863.913 1 .172
863.927 1 .172
864.914 1.167
864.972 1.167
865.150 1 .166
866.178 1 .162
866.179 1 .162
866.108 1 .162
866.180 1 .162
867.217 1 .1 59
867.389 1 .158
867.449 1 .158
868.461 1 .155
868.466 1 .155
869.714 1 .152
875.711 0.878
876.949 0.866
876.953 0.866
877.949 0.851
877.969 0.851
878.193 0.853
879.206 0 .837
879.207 0 .837
879.207 0.837
879.207 0.837
880.229 0.821
880.455 0.823
880.462 0.824
881.486 0.806
881.487 0 .806
882.749 0.791
B i - 1 ♦3- d i t h ia n - 2 - y l .
The a n a ly s is  o f  the  n .m .r .  spectrum  o f b i - 1 , 3 - d i t h ia n - 2 - y l
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proved to  be a more d i f f i c u l t  p roblem  than  th a t  encounte red  w ith  
b i - 1 ,3 - d io x a n - 2 - y l • The 60 MHz n .m . r .  spectrum  in  d e u te r io c h lo ro fo rm  
s o lu t io n  ( F ig .  18) shows two c o m p lic a te d  s ig n a ls ,  n e ith e r  o f 
which can be co n s id e re d  as f i r s t  o rd e r ,  s in c e  the  system o f 
p ro to n s  can now be d e s c r ib e d  as A A 'B B 'X X '. A change o f s o lv e n t 
had l i t t l e  e f f e c t  on the  appearance o f the  spec trum . In  the  case 
o f b id io x a n y l the  e f f e c t  o f the  oxygen atoms i s  s u f f i c i e n t  to  
se pa ra te  the  s ig n a ls  e n a b lin g  a f i r s t - o r d e r  a n a ly s is  to  be c a r r ie d  
o u t, w h ile  the  decrease in  e le c t r o n e g a t iv i t y  on re p la c in g  these  
atoms w ith  s u lp h u r causes the  chem ica l s h i f t s  o f bo th  the  a x ia l  
and e q u a to r ia l p ro to n s  a tta c h e d  to  a p a r t i c u la r  carbon atom to  
be ve ry  s im i la r .  I t  i s  o b v io u s ly  a ve ry  d i f f i c u l t  problem  to  ana lyse  
t h i s  spectrum  f u l l y  b u t by u s in g  the  220 MHz spectrum  t h is  can 
be accom p lishe d . The 220 MHz spectrum  shows c o n s id e ra b le  
s im p l i f i c a t io n  a t  the  h ig h  f i e l d  end, th e re  now be ing  two d is c re te  
s ig n a ls  each co rre sp o n d in g  to  two p ro to n s , a lth o u g h  the  low  f i e l d  
m u l t ip le t  i s  s t i l l  by no means f i r s t - o r d e r .  T h is  however, e nab les  
us to  beg in  the  a n a ly s is .  From the  s ig n a l a t  h ig h e s t f i e l d  we 
may e x t r a c t  c o u p lin g  c o n s ta n ts .o f  7 .2 ,  8 .2  and 1 4 .0  Hz, w h ile  from  
the  s ig n a l n e x t d o w n fie ld  we may e x t r a c t  c o u p lin g  c o n s ta n ts  o f 
2 .5 , 4 .0  and 1 4 .0  Hz. These va lu e s  a re  o f n e c e s s ity  o n ly  
app rox im a te  s in ce  the  w id th  a t  h a l f  h e ig h t  o f  each o f  these  peaks 
i s  a p p ro x im a te ly  2 H z. The reason f o r  the  in c re a s e d  w id th  becomes 
o bv ious  from  the  com puter a n a ly s is ,  s in c e  each o f  these peaks 
a r is e s  from  fo u r  o r more t r a n s i t io n s ,  some o f  w h ich  are  se pa ra ted  
in  energy by more than  1 H z. I t  i s  a ls o  p o s s ib le  to  e s tim a te  th e  
chem ica l s h i f t s  o f these  p ro to n s  a t  h ig h  f i e l d  and t h is  le a v e s  
th re e  param eters  to  w hich we have n o t y e t  ass igned  v a lu e s , the
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chem ica l s h i f t s  o f the  two s e ts  o f p ro to n s  a t  low  f i e l d  and the  
c o u p lin g  c o n s ta n t between these  p ro to n s . From the p re v io u s  
a tte m p ts  a t  com puter a n a ly s is  o f  s p e c tra  i t  has been found  th a t  the  
va lu e s  o f the  c o u p lin g  c o n s ta n ts  have a le s s e r  e f f e c t  on th e  l in e  
p o s it io n s  than  do the  chem ica l s h i f t s ,  and co nse q ue n tly  an e s tim a te  
was made f o r  the  va lu e  o f t h i s  c o u p lin g  c o n s ta n t to g e th e r  w ith  a 
s e r ie s  o f e s tim a te s  f o r  the  chem ica l s h i f t s .  The b e s t f i t  was 
o b ta in e d  u s in g  the  param ete rs shown in  Tab le  29, the  nom enc la tu re
Table  29 . ’'B e s t - f i t "  t r i a l  param eters  f o r  b i - 1 , 3 - d i t h ia n - 2 - y l  
in  d e u te r io c h lo ro fo rm  s o lu t io n .
v> = 1528.0  Hz J u = -1 3 .2  Hza —ab
V = 1533.0  Hz J = 4 .0  Hzb —ac
V = 1724.5 Hz J . = 7 .2  Hzc —ad
Vd = 1772.5 Hz -b e 2 .5  Hz
J. . 8 .2  Hz—bd
J . s -1 4 .0  Hz—cd
be ing  id e n t ic a l  to  th a t  used f o r  b i - 1 , 3 - d io x a n - 2 - y l • The h ig h  
f i e l d  end o f t h is  spectrum  is  ve ry  s im i la r  to  th a t  observed y e t  the  
low  f i e l d  end bears  ve ry  l i t t l e  resem blance to  the  a c tu a l sp e c tru m . 
An i t e r a t i v e  c a lc u la t io n  was th e re fo re  c a r r ie d  o u t u s in g  these  
param eters  as a s t a r t in g  p o in t ,  t h i s  r e s u l t in g  in  a s e t o f  
p a ram ete rs , shown in  Table  30, g iv in g  r is e  to  a spectrum  id e n t ic a l  
to  th a t  observed , u n fo r tu n a te ly  the  va lu e  o f  one o f the  gem ina l 
c o u p lin g  c o n s ta n ts  is  -6 0 .8 8  H z. T h is  va lu e  is  o b v io u s ly  n o t 
a cce p ta b le  and d u r in g  the  rem a inde r o f  t h i s  a n a ly s is ,  and in  
c e r ta in  o f the  p re v io u s  a n a lyse s , m eaning less va lu e s  were o b ta in e d  
f o r  s e v e ra l o f  the  gem ina l c o u p lin g  c o n s ta n ts . I t  became
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Tab le  3 0 . Param eters g iv in g  r is e  to  a t h e o r e t ic a l  spectrum  id e n t ic a l  
to  th a t  o b ta in e d  from  b i - 1 , 3 - d i t h ia n - 2 - y l  in  
d e u te r io c h lo ro fo rm  s o lu t io n .
V  -  1537.0 Hz a
U = 1546.5  Hz b
V = 1724.5  Hz c
V> = 1771.1 Hz d
J u—ab = -6 0 .8 8 Hz
- a c -  5 .53 Hz
-a d = 5.71 Hz
le­ er o = 1 .83 Hz
le­ er Q. 9 .76 Hz
J ^- c d = -1 4 .5 3 Hz
in c re a s in g ly  c le a r  th a t  in  a system c o n ta in in g  ve ry  s t ro n g ly  co up led  
n u c le i ,  the  va lu e  o f the  c o u p lin g  c o n s ta n t between them had ve ry  
l i t t l e  e f f e c t  on the  appearance o f the  spectrum , and in  t h i s  
p a r t ic u la r  case, as in  the  case o f 2 , 2 -d ic h lo ro -1 ,4 -d io x a n ,  i t  was 
n o t p o s s ib le  to  o b ta in  a m e a n in g fu l va lu e  f o r  the  c o u p lin g  c o n s ta n t 
between these  p ro to n s  a t  the  low  f i e l d  end o f the  spec trum . A 
t r i a l  c a lc u la t io n  was th e re fo re  c a r r ie d  o u t in  which a l l  o f  the  
param eters were g ive n  the  va lu e s  o b ta in e d  above, e xcep t f o r  the  
gem ina l c o u p lin g  c o n s ta n t which was g iv e n  the  va lu e  o f -1 3 .4  Hz, 
t h i s  be ing  o f  the  o rd e r expe c ted , and from  t h i s  a s e r ie s  o f i t e r a t i v e  
c a lc u la t io n s  was c a r r ie d  o u t .  These gave v a ry in g  va lu e s  f o r  t h i s  
c o u p lin g  c o n s ta n t a l l  o f w hich were m ean ing less , and t h e o r e t ic a l  
s p e c tra  which d i f f e r e d  c o n s id e ra b ly  from  th a t  o bse rved . A s e r ie s  
o f t r i a l  c a lc u la t io n s  was then  c a r r ie d  o u t in  w hich the  d if fe re n c e  
in  the  chem ica l s h i f t s  a t  the  low  f i e l d  end o f the  spectrum  was 
v a r ie d  w h ile  th e  re m a in in g  param eters  were h e ld  c o n s ta n t.  The 
param eters shown in  Table  31 gave r is e  to  the  spectrum  w hich  
resem bled the  observed spectrum  most c lo s e ly .  T h is  s e t o f  pa ram ete rs  
was then  used as a b a s is  f o r  a f u r t h e r  s e r ie s  o f i t e r a t i v e
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Table  31• P aram eters g iv in g  r is e  to  " b e s t - f i t "  t r i a l  spectrum  f o r  
b i - 1 , 3 - d i t h ia n - 2 - y l  in  d e u te r io c h lo ro fo rm  s o lu t io n .
V> = 1543.0  Hz 
a
V = 1546.8  Hz
D
V s 1724.5  Hz c
y .  = 1771 .2  Hz d
J u—ab = -1 3 .4 Hz
J—ac = 3 .89 Hz
-a d S 6 . 0 0 Hz
-b e S 3 .4 9 Hz
-b d = 9 .26 Hz
-c d = -1 4 .5 3 Hz
c a lc u la t io n s .  The h ig h  f i e l d  end o f each o f  these  c a lc u la te d  
s p e c tra  resem bled the  observed spectrum  ve ry  c lo s e ly  w h ile  th e  
low  f i e l d  end showed o n ly  fo u r  d is c re te  l in e s  in  com parison w ith  
the  f iv e  o bse rved . T h is  problem  was overcome by c a r ry in g  o u t an 
i t e r a t i v e  c a lc u la t io n  a s s ig n in g  fre q u e n c ie s  o n ly  to  th e  
t r a n s i t io n s  g iv in g  r is e  to  t h i s  low  f i e l d  p a t te r n .  The param ete rs  
shown in  Tab le  32 were then  o b ta in e d  as a b e s t f i t .
Tab le  3 2 . Param eters g iv in g  r is e  to  " b e s t - f i t "  spectrum  from  
i t e r a t i v e  c a lc u la t io n  u s in g  the  t r a n s i t io n s  o f  the  
low  f i e l d  end o f the  spectrum  o f b i - 1 , 3 - d i t h ia n - 2 - y l  
in  d e u te r io c h lo ro fo rm  s o lu t io n .
ii 1540.59 Hz J u—ab s -1 3 .4 Hz
V -  
b “ 1543.14 Hz 4 c = 5.97 Hz
o^ i
i 1724.51 Hz -a d = 4 .64 Hz
ii 1771 .16 Hz -b e = 1 .17 Hz
-b d = 10.55 Hz
- c d = -1 4 .5 3 Hz
The va lu e s  o f the  c o u p lin g  c o n s ta n ts  d i f f e r  c o n s id e ra b ly  from  
those  o b ta in e d  p re v io u s ly  a lth o u g h  th e  h ig h  f i e l d  end o f  the  
spectrum  is  s t i l l  a c lo s e  f i t  to  th e  observed spec trum . I f  the
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i t e r a t i v e  c a lc u la t io n s  were c a r r ie d  o u t w ith  th e  p o s s ib i l i t y
th a t  J , co u ld  be v a r ie d ,  m ean ing less r e s u l t s  were o b ta in e d , and —ab
co n se q u e n tly  the  va lu e  o f t h i s  c o u p lin g  c o n s ta n t was h e ld  c o n s ta n t 
a t  -1 3 .4  H z. These param eters  were then  used as a b a s is  f o r  a f u l l  
i t e r a t i v e  c a lc u la t io n  g iv in g  the  param ete rs  and th e o r e t ic a l  spectrum  
shown in  Table  33 . T h is  th e o r e t ic a l  spectrum  is  a ls o  shown 
compared w ith  the  observed spectrum  in  F ig .  1 9 . The e r r o r  in v o lv e d  
in  ta k in g  the  va lue  o f as -1 3 .4  Hz i s  n o t g re a t,  s in c e  the  
va lu e s  o f  th e  gem ina l c o u p lin g  c o n s ta n ts  have l i t t l e  e f f e c t  on 
th e  d e d u c tio n s  th a t  may be made co nce rn in g  the  c o n fo rm a tio n  o f t h i s  
m o le c u le •
Table  3 3 . Param eters and th e o r e t ic a l  spectrum  f o r  b i-1  
in  d e u te r io c h lo ro fo rm  s o lu t io n .
, 3 - d i t h ia n - 2 - y l
V = 1540.47 Hz a ^ 7 .0 0 j  _ -1 3 .4  Hz —ab
V  = 1543.15 Hz b ' t - 7 .01 —ac = 6 .0 4  Hz
V = 1724.42 Hz c ^ 7 .8 4 - a d  = 4 .90  Hz
V> = 1770.99 Hz d rs.os J. = 1s. 30 Hz —be
J, . = 1 0 .22  Hz —bd
j  -  -1 4 .5 4  Hz —cd
Frequency R e la t iv e F requency R e la t iv e F requency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
1529.246 0.110 1547.308 4.156 1730.680 1 .295
1529.298 0.116 1547.323 2.087 1730.683 1 .294
1529.309 0.231 1547.435 4.180 1730.779 1 .216
1529.357 0.118 1547.436 2.082 1734.340 1 .190
1529.366 0.228 1547.447 5.509 1734.369 1 .190
1529.408 0.117 1547.488 2.084 1734.394 1 .193
1535.723 0.104 1547.609 2.086 1734.510 1 .188
1535.825 3 .754 1547.771 0.746 1738.138 1 .158
1535.956 1 .880 1557.889 0.135 1750.187 1 .528
1536.031 1 .880 1557.915 0.278 1751.479 0.113
1536.040 5.540 1557.927 0.133 1757.445 1 .363
1536.154 1 .880 1557.941 0.142 1757.576 1 .360
1536.163 1 .884 1557.942 0.286 1757.645 1 .351
1536.279 5.551 1557.988 0.132 1757.970 1 .344
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Frequency R e la t iv e Frequency R e la t iv e Frequency R e la t iv e
(Hz) In te n s i t y (Hz) In te n s i t y (Hz) In te n s i t y
1536.290 1 .883 1560.691 0.023 1764.712 0 .754
1536.345 1 .884 1560.733 0.014 1764.742 0 .849
1536.482 3.776 1560.812 0.046 1765.047 1 .207
1536.596 0.103 1560.831 0 .022 1765.112 1 .292
1539.623 0.386 1560.882 0.048 1765.116 1 .292
1539.652 3 .899 1561.002 0.023 1765.129 0.389
1539.725 1 .955 1708.659 0.700 1754.164 1 .121
1539.788 1 .952 1711.584 0.708 1765.221 0.437
1539.808 5.479 1711.599 0 .709 1765.608 0 .820
1539.822 1 .956 1713.089 0.664 1771.251 0 .703
1539.939 1.959 1713.313 0 .662 1771.668 0 .696
1540.010 5 .499 1714.496 0.707 1772.420 1 .154
1540.031 1 .965 1715.822 0.190 1772.517 1 .153
1540.054 1 .963 1716.115 0.636 1772.598 1 .156
1540.110 3.933 1716.153 0 .702 1772.843 0.713
1540.195 0.390 1716.154 0.702 1772.889 1 .151
1542.643 1 .890 1716.301 0 .512 1772.982 0.708
1542.685 3 .450 1717.595 0 .462 1777.757 0 .154
1542.728 1 .891 1718.074 0.166 1778.312 0.476
1542.754 1 .883 1718.993 0.698 1779.530 0.518
1542.781 3.765 1719.107 0.697 1779.642 0 .700
1542.838 2.208 1720.638 0.661 1779.642 0 .700
1544.455 3.812 1720.754 0.663 1779.679 0.618
1544.459 2.225 1723.184 1 .468 1780.086 0.182
1544.496 1 .905 1723.607 0.688 1780.087 1.110
1544.544 1 .904 1726.851 1 .345 1781 .152 0.665
1544.592 1 .914 1726.895 1 .344 1786.122 0.650
1544.611 3.489 1726.936 1 .342 1786.645 0.645
1546.967 0.748 1727.011 1 .336 1787.886 0.655
1547.126 2.083 1730.601 1 .232 1787.889 0 .654
1547.244 2.087 1730.610 1 .266 1794.618 0.645
1547.291 5.498 1730.630 1.166
S e ve ra l methods f o r  the  a n a ly s is  o f non f i r s t  o rd e r s p e c tra
have been u t i l i s e d  a lth o u g h  none o f  these  is  by any means p e r fe c t .
The method o f Abraham is  o n ly  o f use f o r  AA'BB' system s and then
o n ly  i f  i t  i s  p o s s ib le  to  e a s i ly  id e n t i f y  and measure th e  energy
o f each t r a n s i t i o n .  In  s e v e ra l cases i t  d id  n o t prove p o s s ib le  to
o b ta in  any s o lu t io n  by t h i s  method, t h i s  be ing  when th e  system
c o n ta in e d  ve ry  s t ro n g ly  coup led  n u c le i  and th e  p a t te rn  was independen t
o f th e  va lu e  o f the  gem ina l c o u p lin g  c o n s ta n t.
The com para tive  method i s  o f  l im i t e d  use f o r  th e  m a jo r 
93c o m p ila t io n ,  o f n e c e s s ity ,  c o n ta in s  o n ly  a s m a ll number o f
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co m b in a tio n s  o f c o u p lin g  c o n s ta n ts  and o n ly  a few o f th e  more 
s im p le  system s are  c o n s id e re d .
The method o f most g e n e ra l use is  th a t  o f  com puter a n a ly s is ,  
a lth o u g h  t h i s  has s e v e ra l sh o rtc o m in g s . I t  depends, as do most 
methods o f a n a ly s is ,  on th e  a b i l i t y  to  a ss ig n  a fre qu e ncy  to  each 
t r a n s i t i o n ,  t h i s  o fte n  be ing  im p o s s ib le  owing to  the  in co m p le te  
re s o lu t io n  o f the  observed peaks. In  th e  case o f th e  AA'BB' s p e c tra  
in  w hich the  n u c le i  are  ve ry  s t ro n g ly  co up le d , the  l in e  p o s i t io n s  
seem to  be v i r t u a l l y  independent o f the  va lu e  o f the  gem ina l c o u p lin g  
c o n s ta n ts , and i t  i s  co nse q ue n tly  n o t a lw ays p o s s ib le  to  d e te rm ine  
th e  va lu e s  o f these  param eters a c c u ra te ly .  The com puter a n a ly s is  
le a d s  to  a m a them atica l s o lu t io n  f o r  th e  spectrum  under c o n s id e ra t io n ,  
the  e n e rg ie s  o f  the  t r a n s i t io n s  be ing  measured from  th e  sp ec tru m .
I f  the  energy o f  th e  t r a n s i t io n s  canno t be measured a c c u ra te ly ,  
owing to  in co m p le te  re s o lu t io n  o f peaks o r ,  as in  the  case o f  th e  
b id i t h ia n y l ,  where one "peak" a r is e s  from  s e v e ra l t r a n s i t io n s ,  
s e v e ra l m a th e m a tic a lly  c o r re c t  s o lu t io n s  may be a c ce p ta b le  fro m  th e  
p o in t  o f  v iew  o f com parison w ith  the  observed sp ec tru m . I f  these  
a re  then  examined from  th e  chem ica l p o in t  o f  v iew  s e v e ra l o f  these  
may be s a fe ly  e lim in a te d  on the  grounds th a t  th e  va lu e s  o f  th e  
c o u p lin g  c o n s ta n ts , as w ith  the  c o u p lin g  c o n s ta n t o f -6 0 .8 8  Hz, 
o b ta in e d  d u r in g  the  s o lu t io n  o f  the  spectrum  o f  b id i t h ia n y l ,  a re  
n o t s e n s ib le .  I t  th e re fo re  s im p l i f ie s  th e  a n a ly s is  i f  a re a son a b le  
e s tim a te  f o r  some o r a l l  o f  the  param ete rs  i s  a v a i la b le .
X-RAY CRYSTALLOGRAPHIC RESULTS
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C hapter 4 The X -ra y  c r y s ta l lo g r a p h ic  r e s u l t s
The X -ra y  c r y s ta l lo g r a p h ic  s t r u c tu re  d e te rm in a tio n  o f 
d ie th y l  ( - ) - 1 , 4 -d io x in o -1 , 4 -d io x in - 2 ,3 -d ic a rb o x y la te  has been 
c a r r ie d  o u t in  c o n ju n c t io n  w ith  the  Chem ical P hys ics  
Departm ent o f the  U n iv e rs ity  o f S u rre y . I t  c r y s t a l l i s e s  in  the  
o rth o rh o m b ic  system , space group P2^2^2^,  Z -  4, and w ith  u n i t  
c e l l  d im ensions a = 7 .2 6 0 , b = 9 .4 8 3 , and c -  20.198 A . The 
a tom ic  c o o rd in a te s  rep roduced  below co rrespond  to  an R fa c to r  o f 
9 .7 % and work i s  to  be c a r r ie d  o u t to  r e f in e  these  param ete rs  
f u r t h e r .  The a tom ic  c o o rd in a te s  would n o t be expected  to  va ry  
c o n s id e ra b ly  on re f in e m e n t, and i t  i s  p o s s ib le  to  use t h i s  
model to  e x p la in  th e  la rg e  chem ica l s h i f t  d if fe re n c e  observed 
in  the  n .m . r .  spec trum .
The atom id e n t i f i c a t io n  scheme.
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fttom ic  C o o rd in a te s .
ATOM X/A Y/B Z /C
0 1 -0 .02028 0.25224 0.16167
c 2 0.11461 0.35609 0.14491
c 3 0.27975 0.34157 0.19557
0 4 0.21145 0.35339 0.26036
0 5 0.02920 0.25497 0.34093
c 6 -0 .08340 0.38152 0.35351
c 7 -0 .24485 0.38163 0.30555
0 8 -0 .18077 0.37656 0.23948
c 9 0.08371 0.24574 0.27329
c 10 -0 .08210 0.25439 0.22869
c 11 0.41255 0.46126 0.18440
c 12 0.17563 0.31152 0.07681
0 13 0.13975 0.41308 0.03215
c 14 0.19472 0.37791 -0 .03594
0 15 0.48882 0.45193 0.12580
0 16 0.23584 0.19875 0.06229
c 17 0.62591 0.55663 0.11103
c 18 0.62078 0.58353 0.04070
0 19 0.45021 0.54952 0.22578
c 20 0.12732 0.49697 -0 .07858
H 21 0.10000 0.45200 0.14000
H 22 0.35000 0.25050 0.19000
H 23 -0 .12500 0.38800 0.40000
H 24 0.00000 0.47000 0.34400
H 25 -0 .31200 0.30200 0.32000
H 26 -0 .31200 0.46400 0.32000
H 27 0.16000 0.15530 0.26400
H 28 -0 .17000 0.19150 0.24000
H 29 0.08000 0.28600 -0 .04 6 00
H 30 0.30000 0.35500 -0 .06000
H 31 0.60000 0.64750 0.14000
H 32 0.72500 0.44950 0.12000
H 33 0.50000 0.61200 0.04000
H 34 0.62500 0.48500 0.02000
H 35 0.66000 0.68350 0.02000
H 36 0.20000 0.50100 -0 .12 0 00
H 37 0.15000 0.60000 -0 .05000
H 38 0.00000 0.46750 -0 .09000
I t  can be seen th a t  the  a x ia l  p ro to n  i s  c o n s id e ra b ly
c lo s e r  to  the  two oxygen atoms 0^ and 0^ (2 .5 4  and 2 .05 A r e s p e c t iv e ly ) ,  
than  is  H25 to  the  co rre sp o n d in g  oxygen atoms 0^ and 0g (3 .8 7  and 2.01 
A ) .  The c lo s e  p ro x im ity  o f  these  oxygen atoms would th e re fo re  seem 
to  be the  main fa c to r  w hich causes the  s ig n a l from  to  be s h i f te d  
to  much lo w e r f i e l d .
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The accom panying d iagram s show the  r e la t iv s  p o s i t io n s  o f
these  hydrogen and oxygen atom s, DrKc. rou.trm£ as^cL ka$
ttve. (+ V a c U  .
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Notes on th e  s p e c tro s c o p ic  d a ta .
The in f r a - r e d  ( i . r . )  a b s o rp tio n  s p e c tra  were re co rd e d  on
a Unicam SP 200 I .R .  S pec tropho tom e te r f o r  th e  compound as
b o th  N u jo l and h exa ch lo ro b u ta d ie n e  m u lls .
The mass s p e c tra  were o b ta in e d  u s in g  an A sso c ia te d
E le c t r ic a l  In d u s t r ie s  MS 1 2 S pe c tro m e te r u s in g  an io n is in g  energy
o f 70 eV.
The n u c le a r  m agnetic  resonance ( n .m . r . )  s p e c tra  were 
o b ta in e d  u s in g  e i t h e r  a P e rk in  E lm er R10 N.M.R. S p e c tro m e te r, o r 
a l/a r ia n  HA100 S p e c tro m e te r. Two s p e c tra , those  o f b i - 1 , 3 - d i t h ia n - 2 - y l  
and 2 ,3 ,5 ,6 - te t r a c h lo r o - 1 ,4 - d io x a n ,  m .p . 7 0 °, were o b ta in e d  
u s in g  the  220 MHz S pec trom e te r ope ra ted  by I . C . I .  on c o n t ra c t  
to  the  S cience Research C o u n c il .  The s p e c tra  were re co rd ed  a t  
34° u n le ss  o th e rw is e  s ta te d ,  u s in g  te t ra m e th y ls i la n e  ( t . m . s . )  as 
in te r n a l  s tan d a rd  e xcep t when d eu te riu m  ox ide  was used as s o lv e n t ,  
when sodium 2 , 2 -d im e th y l-2 -s ila p e n ta n e -5 -s u lp h o n a te  ( d . s . s . )  
was used . The s o lv e n ts  used w ere; d e u te r io c h lo ro fo rm  (C D C l^)* 
carbon te t r a c h lo r id e  (C C l^ ) , t r i f l u o r o a c e t i c  a c id  (TFA ), 
d e u te ra te d  d im e th y l s u lp h o x id e  (dg-DMS0), benzene (C ^H ^), 
d eu te riu m  ox ide  (D^O), and a c e to n e -d ie th y l e th e r  (5 0 :5 0 ) .
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The _ tra n s -2 ,3 -d ic h lo ro -1 , 4 -d io xa n  had m*p. 3 0 -31 ° and
-1 -1showed V  cm* w ith  no a b s o rp tio n  a t  948 cm*max •
A l l  a ppa ra tus  was heated f o r  th re e  hours  a t  150° b e fo re  
assem bly, and was then  p ro te c te d  w ith  a c a lc iu m  c h lo r id e  d ry in g  
tu b e *
T * l . c *  r e fe r s  to  t h in - la y e r  ch rom atography.
M e lt in g  p o in ts  a re  u n c o rre c te d .
C hapte r 5
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E xp e rim e n ta l
The re a c t io n  between t r a n s - 2 .3 - d ic h lo r o - 1 , 4-d io x a n  and t r im e th v le n e  
g ly c o l .
( i )  The d ic h lo ro d io x a n  (3 0 .0  g . )  and t r im e th y le n e  g ly c o l
(2 0 .0  g . )  were heated under r e f lu x  in  anhydrous d ioxan  (60 m l. )
f o r  tw e lve  h o u rs . A f te r  rem oval o f  the  v o la t i l e  m a te r ia l ( 9 0 ° /
w a te r pump) th e  s o l id  re s id u e  c r y s t a l l is e d  to  g iv e  b i- 1 ,3 - d io x a n - 2 - y l
(X X I) (1 2 .0  g . ) ,  m .p . 158° ( fo u n d : C, 5 5 .3 } H, 8 .2 .  C a lc ,  f o r
C nH _ .0 . :  C, 5 5 .2 } H, 8 .1 $ ) ,  R_ 0 .50  ( t . l . c .  on a lum ina  in  e th y l  8 14 4 » * / / * _ _  p /
ace ta te -benzene  ( 1 :4 ) }  d e te c t io n  w ith  B ra d y 's  re a g e n t) .  T . l . c .  
o f th e  m other l iq u o r s  s im i la r ly  showed f iv e  components, R^ - 0 .1 3 ,
“T
0 .5 0 , 0 .6 5 , 0 .80  and 0 .9 5 , those  o th e r  than  the  b id io x a n y l were 
p re s e n t in  much s m a lle r  amounts and o n ly  sm a ll f u r t h e r  q u a n t i t ie s  
o f (X X I) co u ld  be o b ta in e d  on c r y s t a l l i s a t io n .  S im ila r  r e s u l t s  
were o b ta in e d  under the  fo l lo w in g  c o n d it io n s *  (W t. o f d ic h lo r o ­
d io xa n , w t.  o f  g ly c o l ,  s o lv e n t ,  tim e  o f h e a t in g , w t.  o f  p ro d u c t) }
(ja) 51 .3  g . ,  25 .0  g . ,  benzene (100 m l. ) ,  32 h r . ,  5 .5  g . }  (Jd)
6 .2  g . ,  3 .0  g . ,  no s o lv e n t ,  1 h r . ,  4.1 g . I t  had V  855,max.
919, 1004, 1034, 1060, 1120, 1160, 1235, 1275, 1330, 1380, 1439,
-11472, 2880 and 2980 cm. The mass spectrum  o f th e  b id io x a n y l 
shows peaks a t  ji/e ,  174 (jV[+ , 1 .1% ), 173 (1 0 .3 ) ,  115 ( 5 .2 ) ,  100 ( 0 .8 ) ,  
89 ( 2 .2 ) ,  88 (1 9 .7 ) ,  87 (1 0 0 ) , 73 (1 .7 ) ,  71 (2 .2 )  and 69 ( 0 . 9 ) .
F o r the  deduced n .m . r .  s p e c t ra l param ete rs  see C hapte r 3 .
( i i )  H e x a h y d ro -£ -d io x in o  - d io x in  has been p re p a re d *^
from  e th y le n e  g ly c o l and the  p y r id in iu m  d e r iv a t iv e  o f t r a n s - 2 ,3 -  
- d ic h lo r o - 1 , 4 -d io x a n , and t h is  method was used in  an a tte m p t to
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prepa re  hexa h yd ro -jD -d io x in o  |2 ,3 - ^ j - 1 , 4 -d io x e p in  •
To t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io xa n  (2 3 .4  g . )  was added d ropw ise
and w ith  ic e  c o o lin g ,  p y r id in e  (2 3 .7  g . ) .  A pa le  y e llo w  c r y s t a l l in e
compound was o b ta in e d , w hich d is s o lv e d  on the  a d d it io n  o f
tr im e th y le n e  g ly c o l (1 1 .4  g . ) .  The s o lu t io n  was then hea ted  to  
o
100 and a f t e r  a few m inu tes  a t  t h i s  tem pe ra tu re  an e xo th e rm ic  
re a c t io n  to o k  p la c e . The re a c t io n  m ix tu re  was then  a llo w e d  to  c o o l 
b e fo re  e x t r a c t io n  w ith  c h lo ro fo rm  and 3N h y d ro c h lo r ic  a c id  ( 4 x 
90 m l. c h lo ro fo rn /5 0  m l. a c id ) .  The c h lo ro fo rm  la y e r  was washed 
w ith  sodium ca rbona te  and d r ie d  ove r anhydrous sodium s u lp h a te .  
A f te r  e v a p o ra tio n  o f the  c h lo ro fo rm  b i- 1 ,3 - d io x a n - 2 - y l  (1 .5  g . ) ,  
m .p . 158°, was is o la te d .
The procedure  above was re p ea ted  e xcep t th a t  the  re a c t io n  
m ix tu re  was a llo w e d  to  s tand  a t  room tem pe ra tu re  f o r  s ix  weeks 
in s te a d  o f  be ing  h e a te d . The work up p rocedure  and p ro d u c t were 
id e n t ic a l  w ith  th a t  above.
2 ,3 ,4 a ,1 0 a « <  -T e tra h y d ro b e n z o jjJ  - 1 ,4 - d io x in o  [2, 3-e ] - 1 ,4 - d io x in
22 oT h is  compound prepared  as d e s c r ib e d  had m .p. 74 ,
'C(CgH6 ) ,  6 .69  (CH2CH2, sym. m u l t ip le t ) ,  5 .20  (b rid g e h e a d  2H)
and 3 .32  (a ro m a tic  4H ), X  (C C l^ ) , 6 .1 4  (CH2CH2, sym. m u l t ip le t ) ,
4.91 (b rid g eh e ad  2H) and 3 .17  (a ro m a tic  4 H ). Fo r the  deduced
c o u p lin g  c o n s ta n ts  see C hapter 3 . I t  had ^  767, 865, 880,max.
892, 923, 1037, 1073, 1107, 1118, 1125, 1159, 1265, 1285, 1463,
1505 and 2940 cm. The mass spectrum  shows peaks a t  m/e 194 
(JY)+, 11.7% ), 193 (7 8 .1 ) ,  136 ( 2 0 .5 ) ,  121 ( 1 7 .1 ) ,  110 ( 6 9 .6 ) ,
86 (100) and 73 (1 3 .1 ) .
144
A ttem pted  p re p a ra t io n  o f d ip h e n y l ( + ) - t a r t r a t e .
96( i )  T h is  method was adapted from  th a t  d e sc r ib e d  f o r  
the  p re p a ra t io n  o f d ip h e n y l s u c c in a te .
Potassium  ( + ) - t a r t r a t e  (1 1 .4  g . ) ,  phenol (9 .5  g . )  and 
phosphorus o x y c h lo r id e  (4 .2  m l. )  were heated under r e f lu x  f o r  
one h o u r. To t h is  m ix tu re  was then  added e th e r  and th e  h e a tin g  
c o n tin u e d  f o r  a f u r t h e r  h o u r. The re m a in in g  potass ium  ( + ) - t a r t r a t e  
(1 1 .0  g . )  was removed by f i l t r a t i o n  and the  e th e r  removed under 
reduced p re ssu re  ( 2Q° /1 4  mm.) to  g iv e  a syrupy l i q u id .  T h is  
was n o t in v e s t ig a te d  f u r t h e r  and was assumed to  a r is e  from  
p r e fe r e n t ia l  re a c t io n  between phenol and phosphorus o x y c h lo r id e .  
The same r e s u l t  was o b ta in e d  when po tass ium  ( + ) - t a r t r a t e  was 
re p la c e d  by ( + ) - t a r t a r i c  a c id  (7 .6 5  g . ) .
( i i )  D im e th y l ( + ) - t a r t r a t e  (1 7 .8  g . ) ,  phenol (1 8 .8  g . )  
and to lu e n e - jg -s u lp h o n ic  a c id  were heated to g e th e r  under r e f lu x  
f o r  one h o u r. The re a c ta n ts  were re co ve red  in  q u a n t i ta t iv e  y ie ld .
( i i i )  Phenol (6 .5  g . )  was d is s o lv e d  in  e th e r  (30  m l . ) ,  and 
to  t h i s  was added ( + ) - t a r t a r i c  a c id  (5 .0  g . ) .  Hydrogen c h lo r id e  
gas was then  passed th ro u g h  the  m ix tu re  under r e f lu x  f o r  e ig h t  
d a ys . The re a c t io n  m ix tu re  y ie ld e d  unchanged re a c ta n ts  in  
q u a n t i ta t iv e  y ie ld .
The re a c t io n  between t r a n s - 2 .3 - d ic h lo r o - 1 . 4-d io x a n  and d im e th y l 
me s o - t a r t r a t e •
D im e th y l meso- t a r t r a t e  (9 .0  g . )  and t ra n s - 2 .3 - d ic h lo r o - 1 , 4 -  
-d io x a n  (7 .9  g . )  were heated to g e th e r  under r e f lu x  in  anhydrous 
xy lene  (100 m l. )  u n t i l  the  e v o lu t io n  o f  hydrogen c h lo r id e  had 
ceased (32 h r . ) .  The xy lene  was then  removed by d i s t i l l a t i o n
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under h ig h  vacuum (0 .1  mm .). The f r a c t io n  d i s t i l l i n g  ove r between 
130° and 180° was c o l le c te d  and t h i s  on c o o lin g  s o l i d i f i e d .  On 
r e c r y s t a l l i s a t io n  from  carbon te t r a c h lo r id e  d im e th y l m e s o - ta r tra te  
(3 .4  g . ) ,  m .p . 111°, was is o la te d .  S im ila r  r e s u l t s  were o b ta in e d  
under the  fo l lo w in g  c o n d it io n s ,  (W t. o f  d ic h lo ro d io x a n , w t.  o f  
t a r t r a t e ,  s o lv e n t ,  tim e  o f h e a t in g , w t.  o f  t a r t r a t e  re c o v e re d ) !
(_a) 7 .9  g . ,  9 .0  g . ,  d ioxan  (60 m l. ) ,  203 h r . ,  3 .2  g . j  (Jb) 7 .9  g . ,
9 .0  g . ,  no s o lv e n t ,  4 h r . ,  2 .6  g .
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and a n is o le .
A m ix tu re  o f t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  (5 .0 3  g . )  and 
boron t r i f l u o r i d e  e th e ra te  (8 .0  g . )  was added dropw ise  to  a n is o le  
(7 .0  g . ) .  The m ix tu re  darkened and was a llo w e d  to  s tand  a t  room 
tem pe ra tu re  f o r  f o r t y - e ig h t  h ou rs , a f t e r  w hich tim e  i t  was 
d i s t i l l e d  under reduced p re ssu re  to  g iv e  unchanged boron 
t r i f l u o r i d e  e th e ra te ,  b .p .  4 6 ° / l8  mm., as the  o n ly  is o la b le  
m a te r ia l,  the  re s id u e  be ing  a b la c k  in t r a c ta b le  m a te r ia l .
The same r e s u l t  was o b ta in e d  when the  d ic h lo ro d io x a n  was 
added to  a m ix tu re  o f boron t r i f l u o r i d e  e th e ra te  and a n is o le .
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and sodium o x a la te .
( i )  Anhydrous sodium o x a la te  (4 .0  g . )  was warmed g e n t ly  
w ith  c o n tin u o u s  s t i r r i n g  in  d ry  d im e thy lfo rm am ide  (20 m l . ) .  To 
t h is  was then  added t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io xa n  (5 .0  g . )  and 
the  h e a tin g  co n tin u e d  f o r  t h i r t y  m in u te s . The unchanged sodium  
o x a la te  was removed by f i l t r a t i o n  and the  d im e thy lfo rm am ide  
removed by d i s t i l l a t i o n  under reduced p re s s u re . T h is  gave a 
f u r t h e r  sample o f sodium o x a la te  (3 .8  g . in  a l l )  and a f t e r
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d i s t i l l a t i o n ,  t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  (3 .7  g . ) .
( i i )  Anhydrous o x a l ic  a c id  (4 .0  g . )  was d is s o lv e d  in  d ry  
d im e thy lfo rm am ide  (20 m l. )  and to  t h i s  was added anhydrous sodium 
o x a la te  (4 .0  g . ) .  T h is  was s t i r r e d  c o n t in u o u s ly  and t ra n s - 2 , 3 -  
- d ic h lo r o - 1 , 4 -d io xa n  (5 .0  g . )  added and th e  m ix tu re  warmed g e n t ly  
f o r  fo u r  h o u rs . The re m a in in g  sodium o x a la te  was f i l t e r e d  o f f  and 
the  f i l t r a t e  d i lu te d  w ith  e th e r  to  g iv e  a f u r t h e r  sample o f 
sodium o x a la te  (3 .5  g . in  a l l ) .  A f te r  rem oval o f  the  d im e th y l-  
formamide the  re s id u e  was d i s t i l l e d  to  g iv e  unchanged t r a n s - 2 , 3 -  
- d ic h lo r o - 1 , 4 -d io x a n  (3 .5  g . ) ,  b .p .  2 '\° /Q , '\5  mm. The re s id u e  d id  
n o t d i s t i l  up to  1 5 0 ° /0 .1 5  mm. and on c o o lin g  c r y s t a l l i s e d .
A f te r  r e c r y s t a l l i s a t io n  from  a m ix tu re  o f  ca rbon  te t r a c h lo r id e  
and acetone i t  was id e n t i f ie d ,  by means o f i t s  in f r a - r e d  
a b s o rp tio n  spectrum , as o x a l ic  a c id  (2 .2  g . ) .
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and sodium m a lo n a te .
Sodium m alonate (5 .0  g . )  and m a lo n ic  a c id  (5 .0  g . )  were 
s t i r r e d  to g e th e r  under r e f lu x  in  a b s o lu te  e th a n o l (70 m l . ) .  To 
t h i s  was then  added t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  (5 .0  g . )  and the  
m ix tu re  heated g e n t ly  under r e f lu x  f o r  80 h o u rs , a f t e r  w hich 
tim e  the  s o lu t io n  had darkened c o n s id e ra b ly .  The re m a in in g  
s o l id  was f i l t e r e d  o f f  to  g iv e  sodium m alonate (5 .0  g . )  and the  
f i l t r a t e  d i s t i l l e d  under reduced p re ssu re  to  g iv e  2 ,3 -d ie th o x y -1 , 4 -  
-d io x a n  (1 .8  g . ) ,  b .p .  28°/C)*08 mm., and a f t e r  r e c r y s t a l l i s a t io n  
m a lon ic  a c id  (1 .8  g . ) ,  m .p. 134°, b e fo re  deco m p o s ition  to o k  p la c e .
The re a c t io n  between t r a n s - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and propane- 1 , 3- d i t h i o l .
T h is  re a c t io n  c a r r ie d  o u t as d e s ^ ib e d ^  w ith  f i v e  f o ld
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q u a n t i t ie s  gave b i - 1 , 3 - d i t h ia n - 2 - y l  (4 .0  g . ) ,  m .p . 1 41 -1 4 2°, V
mQX •
672, 740, 880, 914, 1142, 1177, 1277, 1410, 1420 and 1565 cm ."1 
F o r the  n .m . r .  s p e c tra l param ete rs  see C hapte r 3 .
The re a c t io n  between t r a n s - 2 .3 - d ic h lo r o - 1 , 4-d io x a n  and sodium 
s u lp h i t e .
A bso lu te  a lc o h o l (100 m l. )  and anhydrous sodium s u lp h ite  
(5 .4  g . )  were s t i r r e d  to g e th e r  under r e f lu x .  To t h is  was added 
t r a n s - 2 ,3 - d ic h lo r o - 1 , 4 -d io x a n  (3 .3 3  g . )  and the  m ix tu re  heated 
g e n t ly  f o r  seven days . The re m a in in g  sodium s u lp h ite  (4 .8  g . )  
was f i l t e r e d  o f f  and the  f i l t r a t e  d i s t i l l e d  under reduced p re ssu re  
to  g iv e  2 ,3 -d ie th o x y -1 , 4 -d io x a n  (1 .7  g . ) ,  b .p .  7 0 ° / l .5  mm., b e fo re  
e xcess ive  c h a r r in g  to o k  p la c e .
The re a c t io n  between t r a n s - 2 .3 - d ic h lo r o - 1 . 4-d io x a n  and po tass ium  
th io c v a n a te .
( i )  Potassium  th io c y a n a te  (2 0 .0  g . )  was added to  t r a n s - 2 , 3 -  
- d ic h lo r o - 1 , 4 -d io x a n  (1 6 .2  g . )  in  a b s o lu te  e th a n o l (20 m l . ) .  T h is  
was then  heated g e n t ly  w ith  co n tin u o u s  s t i r r i n g  f o r  about
tw e n ty  m inu tes a f t e r  which tim e  an e xo th e rm ic  re a c t io n  to o k  p la ce  
and the  m ix tu re  darkened c o n s id e ra b ly .  The m ix tu re  was then  a llo w e d  
to  c o o l and the  s o l id  m a te r ia l,  unchanged po tass ium  th io c y a n a te  
(1 3 .5  g . ) ,  was f i l t e r e d  o f f .  The e th a n o l was then  removed under 
reduced p re ssu re  (5 0 ° /w a te r  pump) to  g ive  a m ix tu re  o f 2 ,3 -d ie th o x y -  
- 1 , 4 -d io xa n  and 2 -e th o x y -1 ,4 -d io x e n e , t h i s  m ix tu re  n o t be ing  
in v e s t ig a te d  f u r t h e r .  The same r e s u l t  was o b ta in e d  w ith  n -p ro p a n o l, 
the  p ro d u c ts  be ing  th e  propoxy d e r iv a t iv e s .
( i i )  Potassium  th io c y a n a te  (2 0 .0  g . )  was added to  t r a n s - 2 , 3 -
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- d ic h lo r o - 1 , 4 -d io xa n  (1 6 .2  g . )  in  d im e thy lfo rm am ide  (20 m l . ) .
T h is  was s t i r r e d  f o r  tw e n ty  m inu tes a f t e r  w hich tim e  the  s o lu t io n  
had become y e llo w , and then  g e n t ly  hea ted , t h i s  caus ing  the  
s o lu t io n  to  darken c o n s id e ra b ly .  The r e s u l t in g  s o l id  m a te r ia l 
was f i l t e r e d  o f f  to  g ive  an amorphous m a te r ia l w hich c o u ld  n o t 
be r e c r y s ta l l is e d  and w hich was o f in d e f in i t e  m e lt in g  p o in t .  The 
in f r a - r e d  a b s o rp tio n  spectrum  showed o n ly  th io c y a n a te  a b s o rp tio n  
and from  these  c h a r a c te r is t ic s  the  m a te r ia l was assumed to  be 
p o ly m e r ic , and was n o t in v e s t ig a te d  f u r t h e r .
( i i i )  T h is  was repea ted  u s in g  d im e th y l su lp h o x id e  (30 m l. )  
as s o lv e n t w ith  the  same r e s u l t s  as w ith  d im e th y lfo rm a m id e .
The re a c t io n  between t r a n s - 2 .3 - d ic h lo r o - 1 . 4-d io x a n  and th io u r e a .
T h io u re a  (1 5 .2  g . )  was d is s o lv e d  in  n -p ro p a n o l (30 m l. )
under r e f lu x ,  w ith  c o n s ta n t s t i r r i n g .  To t h i s  was then  added
tra n s - 2 .3 - d ic h lo r o - 1 . 4 -d io x a n  (1 5 .7  g . )  in  sm a ll p o r t io n s .  A f te r
the  a d d it io n  o f each p o r t io n  an e xo th e rm ic  re a c t io n  to o k  p la ce  and
t h i s  was a llo w e d  to  subs ide  b e fo re  the  a d d it io n  o f the  n e x t
p o r t io n .  The c o lo u r le s s  m a te r ia l so produced was f i l t e r e d  o f f  a t
th e  pump and washed w ith  acetone to  g iv e  SS1- ( 1 .4 -d io x a n - 2 .3 - d i y l ) -
d ith io u ro n iu m  d ic h lo r id e  (1 2 .0  g . ) ,  m .p . 168-169° (decom p.),
a f t e r  r e c r y s t a l l i s a t io n  from  a m ix tu re  o f  m ethanol and a c e to n e .
T h is  d ic h lo r id e  form s a p ic r a te ,  m .p . 184-188° (decom p.) a f t e r
r e c r y s t a l l i s a t io n  fro m  aqueous m e tha n o l.
No s a t is fa c to r y  a n a ly s is  f ig u r e s  c o u ld  be o b ta in e d . I t  had
V> 668, 702, 803, 865, 903, 1019, 1078, 1104, 1137, 1650br, max.
2740, 3250br and 3360 cm. The n .m . r .  spectrum  showed s ig n a ls  
a t  X ( d 5-DfYlS0), 5 .96  (C H ^ C H s y m . m u l t ip le t ) ,  3 .48  (b r id g e h e a d  2H)
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and 0 .39  (b ro a d ) (NH, 8H )} "£ (TFA ), 5 .67  (CH2CH2, sym. m u l t ip le t ) ,  
3 .88  (b rid g e h e a d  2H), 2 .18  (NH, 4H) and 1 .85  (NH, 4H ); and 'C (DgP.), 
5 .77  (CH2CH2, sym. m u l t ip le t )  and 3 .77  (b rid g eh e ad  2H ). F o r th e  
deduced c o u p lin g  c o n s ta n ts  see C hapte r 3 . The mass spectrum  showed 
peaks a t  n /e  160 (6 .8% ), 131 ( 3 .2 ) ,  118 ( 8 .3 ) ,  117 ( 2 .8 ) ,  116 ( 3 .6 ) ,  
103 ( 7 .0 ) ,  102 ( 2 .0 ) ,  101 (1 3 .8 ) ,  100 ( 7 .5 ) ,  89 ( 1 0 .8 ) ,  76 ( 4 9 .4 ) ,
73 (1 1 .0 ) ,  60 (3 4 .2 )  and 43 (1 0 0 ) .
The a tte m p ted  p re p a ra t io n  o f hexahydro-1 , 4- d i t h in o  |2 ,3 - b | - 1 , 4- d io x in •
To SS1- ( 1 . 4 - d io x a n - 2 .3 - d iy l ) d ith io u ro n iu m  d ic h lo r id e  (1 0 .0  g . )  
was added aqueous potass ium  h yd ro x id e  (1 4 .6 5  g . in  40 m l. s o lu t io n )  
and t h is  was heated g e n t ly  under r e f lu x .  A f te r  n in e  hours  ammonia 
was s t i l l  be ing  e vo lved  b u t the  s o lu t io n  had darkened c o n s id e ra b ly  
and 1 , 2-d ib rom oethane (6 .1  g . )  was added d ro pw ise , and th e  m ix tu re  
hea ted  f o r  a f u r t h e r  h o u r. W ater (100 m l. )  was then  added and the  
m ix tu re  e x tra c te d  w ith  e th e r  (2  x 200 m l. )  and benzene (2  x 200 m l . ) .  
A f te r  e v a p o ra tio n  o f th e  s o lv e n t no s o l id  m a te r ia l c o u ld  be 
is o la te d .
The h y d ro ly s is  o f  SS1- ( 1 ,4 -d io x a n -2 » 3 - d i y l ) d ith io u ro n iu m  d ic h lo r id e .
The d ic h lo r id e  (5 .0  g . )  and 96% e th a n o l (25 m l. )  were 
heated to g e th e r  under r e f lu x .  To t h i s  was then  added po tass ium  
h yd ro x id e  s o lu t io n  (3 .6  g . in  25 m l. e th a n o l)  and the  h e a tin g  
c o n tin u e d  f o r  a f u r t h e r  f iv e  m in u te s . B enzoyl c h lo r id e  (4 .6  g . )  
was then  added and the  h e a tin g  c o n tin u e d  f o r  f iv e  m in u te s . V o la t i le  
m a te r ia l was then  removed ( 7 0 ° /wa te r  pump) to  g iv e  a v is c o u s  
l i q u i d .  T h is  was d i s t i l l e d  to  g ive  e th y l  benzoate , id e n t i f ie d  by 
th e  in f r a - r e d  a b s o rp tio n  spectrum , and a re s id u e  w hich on c o o lin g
c r y s t a l l i s e d .  T h is  was r e c r y s ta l l is e d  from  96% e th a n o l to  g iv e
N .-b e n zo y lth io u re a  (0 .4  g . ) ,  m .p . 170 -171°, t h i s  be ing  id e n t i f ie d
from  the  n .m . r .  spectrum  and mass spectrum  and co n firm e d  by a
80mixed m e lt in g  p o in t  d e te rm in a t io n  w ith  an a u th e n t ic  sam ple.
E thane- 1 »2 -d i(S - is o th io u ro n iu m ) d ib ro m id e .
97 o T h is  compound p repa red  as d e s c r ib e d  had m .p . 252-253 ,
V  720, 1060, 1103, 1122, 1218, 1528, I6 3 4 b r and 2700 c m ."1 max.
The d ib rom id e  form s a p ic ra te  o f  m .p . 274-276° (d e co m p .).
Propane- 1 . 3 -d i(S - is o th io u ro n iu m ) d ib ro m id e .
98 oT h is  compound p repa red  as d e s c r ib e d  had m .p. 202 , max.
715, 725, 1070, 1530, 1630br and 2680 cm. The d ib rom id e  fo rm s 
a p ic ra te  o f m .p . 228-229° (d e co m p .).
The re a c t io n  between SS1- ( 1 . 4-d io x a n - 2 ,3 - d i y l ) d ith io u ro n iu m  
d ic h lo r id e  and n it r o u s  a c id .
( i )  The d ic h lo r id e  (1 .0  g . )  was d is s o lv e d  in  a m ix tu re  o f 
c o n c e n tra te d  h y d ro c h lo r ic  a c id  (6  m l. )  and d i s t i l l e d  w a te r (16 m l. )  
and coo led  in  ic e  to  below  5 ° .  To t h i s  was then  added d ropw ise  
and w ith  co n tin u o u s  s t i r r i n g  aqueous sodium n i t r i t e  (1 .0  g . in  10 
m l. s o lu t io n )  a ls o  co o led  in  ic e  to  below  5 ° .  The m ix tu re  was then  
a llo w e d  to  a t t a in  room tem pe ra tu re  and to  s tan d  f o r  2 h o u rs . No 
s o l id  m a te r ia l was o b ta in e d  and a p o r t io n  o f  the  re a c t io n  m ix tu re ,  
on tre a tm e n t w ith  B ra d y 's  re a g e n t, gave an im m ediate p r e c ip i ta te  
o f g ly o x a l b is -2 ,4 -d in it ro p h e n y lh y d ra z o n e ,  m .p . 318° (d e co m p .).
( i i )  The d ic h lo r id e  (1 0 .0  g . )  was d is s o lv e d  in  d i lu t e
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h y d ro c h lo r ic  a c id  (50 m l. o f  3!\l) and fu r t h e r  d i s t i l l e d  w a te r (25 m l. )  
and co o led  to  below 5 ° .  A f te r  a p p ro x im a te ly  2 m l. o f  aqueous sodium 
n i t r i t e  (1 0 .0  g . in  30 m l. s o lu t io n )  had been added the  d ic h lo r id e  
began to  sepa ra te  from  s o lu t io n ,  however on the  a d d it io n  o f  more 
sodium n i t r i t e  s o lu t io n  t h i s  re d is s o lv e d .  The rem a inder o f  the  
sodium n i t r i t e  s o lu t io n  was then  added w ith  the  same r e s u l t  as in
( i )  above.
( i i i )  The d ic h lo r id e  (1 0 .0  g . )  was d is s o lv e d  in  g la c ia l  
a c e t ic  a c id  (1 1 .0  g . )  and w a te r (30 m l . ) ,  and coo led  in  ic e  to  
below 5 ° .  To t h i s  was then  added dropw ise  and w ith  c o n tin u o u s  
s t i r r i n g  aqueous sodium n i t r i t e  s o lu t io n  (1 0 .0  g . in  20 m l. s o lu t io n ) ,  
a ls o  coo led  to  below 5 ° .  The m ix tu re  was then  a llo w e d  to  a t t a in  
room tem pe ra tu re  over two hours and the  s o l id  f i l t e r e d  o f f  to  g iv e  
a n i t r o s o  compound (4 .3  g . ) ,  m .p . 117-119° (e x p lo d e s ) (Found:
C, 2 4 .3 ; H, 3 .4 ;  N, 2 7 .7 . 2^20^4^8^12 reclu;*-re s  2 4 .5 ; H, 3 .4 ;
l\l, 28 .6% ). I t  was n o t p o s s ib le  t o  r e c r y s t a l l i s e  t h i s  compound. I t
had V  676, 734, 870, 900, 1017, 1021, 1068, 1108, 1134, 1270, max.
- i
1326, 1650, 1670, 2780 and 3410 cm. The mass spectrum  showed 
peaks a t  m/e 177 (4 .1% ), 161 ( 9 .0 ) ,  160 (1 7 .5 ) ,  118 ( 3 2 .6 ) ,  103 
( 1 0 .3 ) ,  101 (2 6 .2 ) ,  89 (1 7 .5 ) ,  86 (1 5 .0 ) ,  76 (7 6 .5 ) ,  73 (2 2 .8 ) ,
60 (4 5 .5 ) ,  59 (9 6 .6 ) ,  46 (4 0 .3 )  and 43 (1 0 0 ) .
The re a c t io n  between e thane - 1 , 2 -d i(S - is o th io u ro n iu m ) d ib rom id e  
and n it r o u s  a c id .
( i )  The d ib rom id e  (5 .0  g . )  was d is s o lv e d  in  w a te r (20  m l. )  
and c o n c e n tra te d  h y d ro c h lo r ic  a c id  (3 .2  g . )  and the  s o lu t io n  
co o led  to  below 5 ° .  To t h is  was then  added d ropw ise  and w ith
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c o n tin u o u s  s t i r r i n g  sodium n i t r i t e  (2 .1 6  g . in  15 m l. aqueous 
s o lu t io n ) .  T h is  was then  a llo w e d  to  s tand  f o r  tw e n ty  fo u r  hours  to  
g iv e  e th a n e -1 , 2 -d ith io c y a n a te ,  m .p . 8 9 -9 0 °, id e n t i f ie d  by i t s  
in f r a - r e d  a b s o rp tio n  spectrum  and mixed m e lt in g  p o in t  w ith  an 
a u th e n t ic  sam ple.
( i i )  The d ib rom id e  (1 0 .0  g . )  was d is s o lv e d  in  w a te r (60 m l. )  
and g la c ia l  a c e t ic  a c id  (9 .0  g . )  and the  s o lu t io n  co o led  to  below  
5 ° .  To t h i s  was then  added d ropw ise  and w ith  co n tin u o u s  s t i r r i n g  aqueous 
sodium n i t r i t e  (9 .0  g . in  20 m l. s o lu t io n )  a ls o  coo led  to  below  
5 ° .  The m ix tu re  was then  a llo w e d  to  s tand  and th e  s o l id  f i l t e r e d  
o f f  to  g iv e  a n i t r o s o  compound (3 .6  g . ) ,  m .p . 138° (e x p lo d e s )
y  730, 1015, 1108, 1260, 1330, 1420, 1465, 1645, 3050, 3130 max.
and 3300 cm.
The re a c t io n  between propane- 1 ,3 - d i ( S - is o th io u ro n iu m ) d ib ro m id e  and 
n it r o u s  a c id .
( i )  The d ib rom id e  (5 .0  g . )  was d is s o lv e d  in  w a te r (20  m l. )  
and c o n c e n tra te d  h y d ro c h lo r ic  a c id  (3 .2  g . )  and the  s o lu t io n  
co o led  to  below  5 ° .  To t h i s  was then  added d ropw ise  and w ith  
c o n tin u o u s  s t i r r i n g  sodium n i t r i t e  (2 .1 6  g . in  15 m l. aqueous 
s o lu t io n ) .  T h is  was then  a llo w e d  to  s tand  f o r  tw en ty  fo u r  hou rs  to  
g iv e ,  a f t e r  d i s t i l l a t i o n  under reduced p re s s u re , p ro p a n e -1 ,3 -  
-d ith io c y a n a te ,  b .p .  135-14 0 ° /0 .1 5 mm.
( i i )  The d ib rom id e  (1 0 .0  g . )  was d is s o lv e d  in  w a te r (30 m l. )  
and g la c ia l  a c e t ic  a c id  (8 .6  g . )  and the  s o lu t io n  coo led  to  below  
5 ° .  To t h i s  was then  added d ropw ise  and w ith  c o n tin u o u s  s t i r r i n g
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aqueous sodium n i t r i t e  (8 ,6  g . in  20 m l* s o lu t io n )  a ls o  co o led
to  below 5 ° .  The m ix tu re  was then  a llo w e d  to  s tand  and the  s o l id
f i l t e r e d  o f f  to  g iv e  a n i t r o s o  compound (2 .5  g . ) ,  m.p* 98° (e x p lo d e s ) ,
V  720, 740, 1013, 1074, 1108, 1150, 1210, 1325, 1380, 1405, max.
1460, 1660, 3100 and 3300 cm. ^
The fo rm a tio n  o f p ic ra te s  from  the  n i t r o s o  compounds.
A s m a ll sample (a p p ro x . 0 .2  g . )  o f th e  n i t r o s o  compound was 
suspended in  w a te r and to  t h i s  was added a s a tu ra te d  aqueous 
s o lu t io n  o f p i c r i c  a c id  and th e  m ix tu re  warmed g e n t ly  on a steam 
b a th . The p ic ra te  was f i l t e r e d  o f f  and r e c r y s ta l l is e d  from  aqueous 
m e tha n o l. The p ic ra te  o f the  d ioxan  compound was o f m .p . 184-188° 
(decom p.), th a t  o f  the  ethane compound o f m .p . 274-276° (decom p.) 
and th a t  o f  the  propane compound o f m .p . 228-229° (d e co m p .).
The d ecom pos ition  o f the  n i t r o s o  compounds u s in g  d im e th y l s u lp h o x id e .
( i )  D ioxan n i t r o s o  compound.
(a ) To the  n i t r o s o  compound (a p p ro x* 0 .2  g . )  was 
added d im e th y l su lp h o x id e  (2  m l. )  and the  m ix tu re  g e n t ly  warmed, 
t h i s  caus ing  e ffe rv e s c e n c e , the  e vo lve d  gases tu r n in g  lim e  w a te r 
m ilk y .  Some o f the  d im e th y l s u lp h o x id e  was then  removed by 
d i s t i l l a t i o n  under reduced p re ssu re  and the  s o lu t io n  a llo w e d
to  s tand  f o r  two days, g iv in g  s u lp h u r (0 .01  g . ) ,  m .p . 1 1 9 °.
(b )  T h is  was re p ea ted  and when e ffe rv e s c e n c e  had 
ceased and the  s o lu t io n  became c le a r  aqueous p ic r i c  a c id  s o lu t io n  
was added, to  g iv e  a p ic r a te ,  m .p . 183-185° (decom p.) a f t e r  
c r y s t a l l i s a t io n  from  aqueous m e tha n o l.
( i i )  Ethane n it r o s o  compound.
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The method o f ( i )  (b ) above re s u lte d  in  a p ic r a te ,  
m .p . 274-276° (decom p.) a f t e r  c r y s t a l l i s a t io n  from  aqueous m e thano l.
( i i i )  Propane n i t r o s o  compound.
The method o f ( i )  (b ) above re s u lte d  in  a p ic r a te ,  
m .p . 230-231° (decom p.) a f t e r  c r y s t a l l i s a t io n  from  aqueous m e tha n o l.
The d ecom pos ition  o f the  n i t r o s o  compound w ith  c o n c e n tra te d  
h y d ro c h lo r ic  a c id .
( i )  D ioxan n i t r o s o  compound.
C o n cen tra ted  h y d ro c h lo r ic  a c id  was added d ropw ise  
to  the  n i t r o s o  compound. On the  a d d it io n  o f  each d rop v ig o ro u s  
e ffe rv e s c e n c e  was observed and re d d ish -b ro w n  fumes o f  n it ro g e n  
d io x id e  were d e te c te d . As more a c id  was added the  v ig o ro u s  e ffe rv e s c e n c e  
su bs ide d , and e v e n tu a lly  the  m a te r ia l d is s o lv e d  c o m p le te ly .  A 
s a tu ra te d  aqueous s o lu t io n  o f  p i c r i c  a c id  was then  added to  t h i s  
c le a r  s o lu t io n  to  g iv e  a p ic r a te ,  m .p . 181-183° (decom p.) a f t e r  
r e c r y s t a l l i s a t io n  from  aqueous m e thano l.
( i i )  E thane n i t r o s o  compound.
The method s im i la r  to  th a t  above re s u lte d  in  a 
p ic r a te ,  m .p . 274-276° (decom p.) a f t e r  r e c r y s t a l l i s a t io n  from  
aqueous m e thano l.
( i i i )  Propane n i t r o s o  compound.
The method s im i la r  to  th a t  above re s u lte d  in  a 
p ic r a te ,  m .p . 229-231° (decom p.) a f t e r  r e c r y s t a l l i s a t io n  from  
aqueous m e thano l.
N o te . In  one case the  a d d it io n  o f c o n c e n tra te d  h y d ro c h lo r ic  a c id
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to  the  d ioxan  n i t r o s o  compound re s u lte d  in  an e x p lo s io n .
The d ecom pos ition  o f the  n i t r o s o  compounds w ith  g la c ia l  a c e t ic  a c id .
( i )  Propane n it r o s o  compound.
G la c ia l a c e t ic  a c id  (2  m l. )  was added to  the  n i t r o s o  
compound (a p p ro x . 0 .2  g . )  and the  m ix tu re  warmed g e n t ly  u n t i l  
e ffe rv e s c e n c e  was obse rved . When e ffe rv e s c e n c e  had ceased a 
s a tu ra te d  s o lu t io n  o f p i c r i c  a c id  was added to  a p o r t io n  o f t h i s  
s o lu t io n  to  g iv e  a p ic r a te ,  m .p . 229-231° (decom p.) a f t e r  
r e c r y s t a l l i s a t io n  from  aqueous m e tha n o l. The g la c ia l  a c e t ic  a c id  
was then  removed from  the  rem a inde r o f  the  s o lu t io n  by d i s t i l l a t i o n  
under reduced p re s s u re , and the  r e s u l t in g  l i q u id  d i s t i l l e d  to  
g iv e  p ro p a n e -1 ,3 -d ith io c y a n a te  (0 .0 3  g . ) ,  b .p .  1 2 0 -1 2 5 °/0 .1  mm., 
id e n t i f ie d  by i t s  in f r a - r e d  a b s o rp tio n  spec trum .
( i i )  Ethane n i t r o s o  compound.
The method as above re s u lte d  in  a p ic r a te ,  m .p . 
274-276° (decom p.), and e th a n e -1 ,2 -d ith io c y a n a te  (0 .0 2  g . ) ,  m .p . 
8 9 -9 0 ° , id e n t i f ie d  by i t s  in f r a - r e d  a b s o rp tio n  spectrum  and by a 
m ixed m e lt in g  p o in t  d e te rm in a tio n  w ith  an a u th e n t ic  sam ple.
( i i i )  D ioxan n i t r o s o  compound.
G la c ia l a c e t ic  a c id  was added to  the  n i t r o s o  
compound as above, and th e  m ix tu re  warmed u n t i l  e ffe rv e s c e n c e  was 
obse rved . The m ix tu re  was then  s t i r r e d  u n t i l  e ffe rv e s c e n c e  had 
ceased, and the  re m a in in g  s o l id  was f i l t e r e d  o f f  and washed w ith  
acetone to  g ive  a compound, m .p . 193-195° (d e com p .). T h is  
compound gave a p ic ra te  id e n t ic a l  w ith  th a t  from  the  d ic h lo r id e .
The mass spectrum  o f  t h i s  compound was o b ta in e d  a t  195° 
and showed the  presence o f c o n s id e ra b le  amounts o f e le m e n ta l s u lp h u r .
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A sample o f t h i s  compound (a p p ro x . 1 g . )  was p laced  in  a f la s k  
f i t t e d  w ith  a c o ld  f in g e r  and heated to  200° under h ig h  vacuum (0 .1  mm.) 
a t  w hich p o in t  d ecom pos ition  to o k  p lace  and m a te r ia l began to  c o l le c t  
on the  c o ld  f in g e r .  T h is  m a te r ia l was washed w ith  a ce tone , th e  
acetone in s o lu b le  m a te r ia l be ing  washed w ith  carbon t e t r a c h lo r id e .
On rem oval o f  the  carbon te t r a c h lo r id e  by d i s t i l l a t i o n  under 
reduced p re s s u re , e le m e n ta l s u lp h u r ,  m .p . 118 -119°, was o b ta in e d .
The carbon te t r a c h lo r id e  in s o lu b le  f r a c t io n ,  a f t e r  c r y s t a l l i s a t io n  
from  a m ix tu re  o f  acetone and carbon te t r a c h lo r id e  gave th io u re a ,  
m .p . 1 7 5 °.
NN1-D im e th y l- 2 ,3 - d ito lu e n e - p -su lphonam ido - 1 , 4-d io x a n .
t r a n s - 2 f 3 -D ic h lo ro -1 , 4 -d io x a n  (2 .1  g . )  and j^ -m e th y lto lu e n e -£ -
-su lphonam ide  (5 .0  g . )  were d is s o lv e d  in  d ry  e th e r  (310 m l. )  and
a llo w e d  to  s tand  a t  room tem pe ra tu re  f o r  s i x t y - s i x  h o u rs . A f te r
t h i s  tim e  the  s o l id  p ro d u c t was f i l t e r e d  o f f  and r e c r y s ta l l is e d  from
acetone to  g ive  NM*-d im e th y l- 2 ,3 - d ito lu e n e -p -su lphonam ido - 1 »4-d io x a n
(0 .2  g . ) ,  m .p. 2 28 °. S im ila r  r e s u l t s  were o b ta in e d  under the
fo l lo w in g  c o n d it io n s ,  (w t .  o f  d ic h lo ro d io x a n , w t.  o f  su lphonam ide ,
s o lv e n t ,  tim e  o f re a c t io n ,  w t .  o f  p ro d u c t) :  (a.) 2.1 g . ,  5 .0  g . ,
e th e r  (50 m l . ) ,  3 months, 1 .0  g . j  (Jd) 1 .26  g . ,  3 .0  g . ,  no s o lv e n t ,
t h i r t y - s i x  hours on a steam b a th , 0.1 g . I t  had V  670, 820,max.
897, 963, 1010, 1086, 1096, 1155, 1348 and 1368 cm.~^ The mass 
spectrum  o f th e  su lphonam idod ioxan showed peaks a t  m/e_ 454 (M *, 0 .01% ), 
439 (0 .0 9 ) ,  396 (0 .1 1 ) ,  300 ( 1 .0 ) ,  299 ( 7 .0 ) ,  270 ( 1 .6 ) ,  258 ( 1 .7 ) ,
239 ( 2 .4 ) ,  198 ( 3 .0 ) ,  185 (1 0 .1 ) ,  155 (31 .3 ) ,  139 (11 . 9 ) ,  108 (5 4 .3 ) ,
91 (9 2 .3 ) ,  86 (100) and 73 ( 1 5 .5 ) .  The n .m . r .  spectrum  showed 
s ig n a ls  a t  ^ (C D C l^ ) *  7 .6 0  (m e th y l g roup a tta c h e d  to  a ro m a tic  n u c le u s ) ,
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7 .18  (N-CH3 ) ,  6 .30  (0-CH2-CH2- 0 ) ,  4 .74  (0-C H -C H -0), 2 .70  (a ro m a tic
2H, _J 9 H z ), 2 .25  (a ro m a tic  2H, 9 H z ).
The re a c t io n  m ix tu re  from  above, in  e th e re a l s o lu t io n ,  on
s ta n d in g  f o r  f iv e  months gave d i -1 - (N -m e th y lto lu e n e - p -su lp ho n am id o ) -
e th v l p e ro x id e  (2 .5  g . ) ,  m .p . 169° (Found: C, 52 .85 H, 6 .2 ;  N, 6 .1 .
ConHooNo0cS . re q u ire s  C, 5 2 .6 ; H, 6 .1 ;  N, 6 .1% ), V  653, 743,20 28 2 b 2 max.
816, 926, 1010, 1079, 1150, 1194, 1340, 1390 and 1460 cm. -1 The 
mass spectrum  showed peaks a t  n /e  228 (0 .1 % ), 212 ( 1 6 .9 ) ,  185 
(11 . 5 ) ,  163 ( 3 .2 ) ,  155 (3 0 .7 ) ,  146 ( 7 .4 ) ,  139 ( 7 .1 ) ,  121 (11 . 1 ) ,
120 ( 6 .9 ) ,  106 (7 6 .2 )  and 91 (1 0 0 ) .  The n .m . r .  spectrum  showed 
s ig n a ls  a t  X  (C D C l^), 6 .95  (CH-CH„, .J 6 .5  H z ), 7 .6 2  (m e th y l g roup 
a tta c h e d  to  a ro m a tic  n u c le u s ) ,  7 .3 2  (f\l-C H „), 4 .30  (CH-C H „, q u a r te t  
6 .5  H z), 2 .70  (a ro m a tic  2H, 8 Hz) and 2 .34  (a ro m a tic  2H, 8 H z ) .
2-C h lo ro - 1 , 4-d io xe n e  •
T h is  compound prepared  as d e s c r ib e d ^  had b .p .  5 2 ° / l4  mm.,
V  840, 884, 923, 997, 1073, 1115, 1148, 1243, 1275, 1308, max.
-11380, 1463 and 1670 cm. The n .m . r .  spectrum  showed s ig n a ls  a t  
X  (CDC1_), 3 .96  (=C H -), 5 .9 2  (CH0CH0, sym. m u l t ip le t ) ; X  (CcH j ,  4 .0 4
j  2 2  b b
(=C H -), and 6 .5 9  (CH2CH2, sym. m u l t ip le t ) ;  f o r  deduced c o u p lin g  
c o n s ta n ts  see C hapte r 3 . The mass spectrum  showed peaks a t  
m/e 123 (0 .7% ), 122 (11 .4 ) ,  121 ( 2 .7 ) ,  120 (JY]+ , 4 8 .1 ) ,  92 (1 . 3 ) ,
76 (1 .5 ) ,  66 ( 5 .8 ) ,  65 ( 5 .3 ) ,  64 (1 8 .2 ) ,  63 (1 4 .2 ) ,  62 ( 4 .3 ) ,
61 ( 5 .4 ) ,  60 ( 8 .9 ) ,  57 (8 .9 )  and 28 (1 0 0 ) .
2, 2-D ic h lo r o - 1 , 4-d io x a n .
3 0T h is  compound p repared  as d e s c r ib e d  had b .p .  45-50 / 4  mm.
On d i s t i l l a t i o n  no f r a c t io n  co u ld  be is o la te d  which d id  n o t c o n ta in
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an a p p re c ia b le  amount o f 2 -c h lo ro -1 , 4 -d io x e n e . S p e c tra l d e te rm in a tio n s
were c a r r ie d  o u t on the  m a te r ia l o b ta in e d  b e fo re  d i s t i l l a t i o n ,  the
n .m .r .  spectrum  showing the  absence o f any s ig n i f ic a n t  amounts o f
im p u r i t y .  I t  had V 822, 893, 957, 1050, 1077, 1160, 1232 andmax.
_<]
1265 cm. For the  n .m . r .  s p e c t ra l param eters see C hapte r 3 . 
c is - 2 .3 -D ic h lo r o - 1 , 4-d io x a n .
4 oP repared as d e s c r ib e d  t h i s  compound had b .p .  65-67 /0 .3 5  mm.,
and m .p. 5 2 -53 ° a f t e r  r e c r y s t a l l i s a t io n  from  n -p e n ta n e .
2 .2 .3-T  r i c h lo r o - 1 , 4-d io x a n .
30 oT h is  compound p repared  as d e s c r ib e d  had b .p .  59-61 / 0 . 7  mm.,
and had V  690, 883, 970, 1038, 1053, 1109, 1158, 1250, 1275 max.
-1and 1460 cm. For the  n .m .r .  s p e c tra l param eters  see C hapte r 3 .
The mass spectrum  showed peaks a t  n /e  194 (5 .1% ), 193 ( 0 .7 ) ,
192 (1 8 .7 ) ,  191 (1 .2 ) ,  190 (JY|+, 1 8 .4 ) ,  159 (1 0 .3 ) ,  158 (1 2 .1 ) ,
157 ( 5 8 .3 ) ,  156 ( 2 0 .0 ) ,  155 ( 9 2 .2 ) ,  132 ( 4 .1 ) ,  131 (1 . 0 ) ,  130 ( 8 .4 ) ,  
128 (2 5 .2 ) ,  124 ( 3 .7 ) ,  123 (2 3 .0 ) ,  122 ( 3 8 .3 ) ,  121 (7 4 .0 ) ,  120 (1 0 0 ) , 
94 (1 0 .2 ) ,  93 ( 3 .5 ) ,  92 (3 2 .2 ) ,  87 (1 5 .8 ) ,  85 (4 2 .6 ) ,  84 ( 3 .1 ) ,
83 (6 6 .2 ) ,  66 ( 1 7 .2 ) ,  65 (2 7 .5 ) ,  64 (6 0 .0 )  and 63 ( 7 4 .9 ) .
2 ,3 ,5 ,6-T e t ra c h lo ro - 1 .4 -d io x a n , m .p .7 0 ° .
21T h is  compound prepared  as d e s c r ib e d  had in f r a - r e d
32a b s o rp tio n  id e n t ic a l  w ith  th a t  re p o r te d .  The n .m . r .  spectrum  
showed s ig n a ls  a t  t ( C D C l„ ) ,  3 .85  (H -3 ; J__ 2 .2 5 , J _ . 0 .6  H z ),«j J L “ ob
3.91 (H -6 j J65 2 .3 5 , j g2 0 .6 ,  J 63 0 .6  H z ), 4 .1 4  (H -2 ; J 23 2 .2 5 ,
J 25 0 .3 5 , J 26 0 .6  Hz) and 4.26 (H -5 j J 5g 2 .3 5 , J 52 0 .35  H z ).
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2 .3 .5 .6 -T e t ra c h lo ro - 1 , 4-d io x a n , m .p , 1 0 1 °.
19T h is  compound p repared  as d e s c r ib e d  had in f r a - r e d
32a b s o rp tio n  id e n t ic a l  w ith  th a t  re p o r te d .  The n .m . r .  spectrum  
showed s ig n a ls  a t  ^ (C D C l^ )#  3 .93  ( X 3 .8 9  in  r e f .  1 5 ) ;  " fc (ace ton e - 
d ie th y l  e th e r  5 0 :5 0 ) ,  3 .67  (2 5 ° ) ,  3.51 ( - 2 5 ° ) ,  3 .38  ( - 6 0 ° ) ,  3 .35  
( - 7 0 ° ) ,  3 .30  ( - 8 0 ° ) ,  3.21 ( -9 0 ° )  and 3.21 ( -1 0 0 ° ) ,  t h i s  la s t  
s ig n a l was s t i l l  a sharp  s in g le t .
2 .3 .5 .6-T e t ra c h lo ro - 1 . 4-d io x a n . m .p . 1 4 3 °.
21T h is  compound p repa red  as d e s c r ib e d  had in f r a - r e d
32a b s o rp tio n  id e n t ic a l  w ith  th a t  re p o r te d .  The n .m . r .  spectrum  
showed s ig n a ls  a t  T ^ C D C l^ ) , 3 .9 3 ; X ( a c e to n e - d ie th y l  e th e r  5 0 :5 0 ) 
3 .67  (2 5 ° ) ,  3 .57  ( - 2 5 ° ) ,  3.51 ( - 6 0 ° ) ,  3 .49  b r  ( - 7 0 ° ) ,  3 .47  b r  
( - 8 0 ° ) ,  3 .38  and 3 .47  ( J « 2  Hz) ( - 9 0 ° )  and 3 .38  and 3 .47  ( J ^ 2  Hz) 
( - 1 0 0 ° ) ,  In  c h lo ro fo rm  and a c e to n e -e th e r a m ix tu re  o f  t h i s  and th e  
isom er o f m .p . 101° gave an u n re so lve d  s in g le t  a t  room 
te m p e ra tu re •
The re a c t io n  between 2 , 2- d ic h lo r o - 1 , 4-d io x a n  and c o n c e n tra te d  
s u lp h u r ic  a c id .
C oncen tra ted  s u lp h u r ic  a c id  (10 m l. )  was added d ropw ise  
and w ith  co n tin u o u s  s t i r r i n g  to  2 ,2 - d ic h lo r o - 1 , 4 -d io x a n  (1 0 .0  g . )  
co o led  in  ic e .  As each d rop o f a c id  was added e ffe rv e s c e n c e  to o k  
p la ce  and s t i r r i n g  was c o n tin u e d  u n t i l  t h i s  e ffe rv e s c e n c e  had 
ceased (120 h r . ) .  A f te r  a few hours  th e  ic e  b a th  was removed and 
the  re a c t io n  a llo w e d  to  proceed a t  room te m p e ra tu re . As the  re a c t io n  
co n tin u e d  the  m ix tu re  darkened c o n s id e ra b ly  and became more 
v is c o u s . T h is  m ix tu re  was then  poured on to  crushed ic e  (50 g . ) ,
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r e s u l t in g  in  a b la c k  in t r a c ta b le  t a r .  The c le a r  aqueous s o lu t io n  
gave an im m ediate p r e c ip i ta t e ,  on tre a tm e n t w ith  B ra d y 's  re a g e n t, 
o f  the  b is -2 ,4 -d in it ro p h e n y lh y d ra z o n e  o f g ly o x a l,  m .p. 318° (d e co m p .).
The re a c t io n  between c is - 2 ,3 - d ic h lo r o - 1 , 4-d io x a n  and c o n c e n tra te d  
s u lp h u r ic  a c id .
c i s - 2 ,3 - D ic h lo r o - 1 , 4 -d io x a n  (3 .0  g . )  was added p o r t io n w is e  
to  c o n c e n tra te d  s u lp h u r ic  a c id  (5  m l . ) .  The s o l id  d is s o lv e d  
im m e d ia te ly  w ith  the  e v o lu t io n  o f hydrogen c h lo r id e  and a f t e r  i t  
had been s t i r r e d  f o r  two hours darkened c o n s id e ra b ly .  The m ix tu re  
was then  poured on to  crushed ic e  (30 g . )  to  g iv e  4 , 5 , 4 ' , 5 ' - t e t r a -  
c h lo r o b i- 1 ,3 - d io x o la n - 2 - y l  (0 .51  g . ) ,  m .p . 137-138° a f t e r  
r e c r y s t a l l i s a t io n  from  n -p e n ta n e .
The re a c t io n  between 2 ,2 ,3- t r i c h l o r o - 1 , 4-d io x a n  and c o n c e n tra te d  
s u lp h u r ic  a c id .
The t r ic h lo r o d io x a n  (1 0 .0  g . )  was added dropw ise  and w ith  
c o n tin u o u s  s t i r r i n g  to  c o n c e n tra te d  s u lp h u r ic  a c id  (150 m l. )  
coo led  to  0 ° .  The s t i r r i n g  was then  c o n tin u e d  u n t i l  e ffe rv e s c e n c e  
had ceased (24 h r . ) .  The m ix tu re  was then  poured on to  c rushed  ic e  
(1 k g . ) .  No c r y s t a l l in e  m a te r ia l was o b ta in e d , however on 
tre a tm e n t o f  the  aqueous s o lu t io n  w ith  B ra d y 's  re a g e n t, a 
p r e c ip i ta te  o f the  2 ,4 -d in itro p h e n y lh y d ra z o n e s  o f g ly o x y l ic  a c id ,  
m .p . 189° (decom p.), and o f  g ly o x a l,  m .p. 318° (decom p.), was 
o b ta in e d . E th y le n e  g ly c o l was a ls o  id e n t i f ie d ,  as the  d ib e n z o y l 
d e r iv a t iv e ,  among the  p ro d u c ts  o f  h y d r o ly s is .
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The re a c t io n  between 2 .3 .5 .6 - te t r a c h lo r o - 1 , 4-d io x a n . m .p . 7 0 ° , and 
c o n c e n tra te d  s u lp h u r ic  a c id .
2 ,3 ,5 ,6 -T e t ra c h lo r o - 1 , 4 -d io xa n  (1 .0  g . )  was added 
p o r tio n w is e  and w ith  c o n tin u o u s  s t i r r i n g  to  c o n c e n tra te d  s u lp h u r ic  
a c id  (5  m l . ) .  The s o l id  d is s o lv e d  and a f t e r  s t i r r i n g  f o r  e ig h te e n  
hours the  e v o lu t io n  o f hydrogen c h lo r id e  had ceased. The r e s u l t in g  
s o l id  and s o lu t io n  was then  poured on to  crushed ic e  (40 g . )  to  
g ive  4 , 5 , 4 ' , 5 ' - te t r a c h lo r o b i- 1 ,3 - d io x o la n - 2 - y l  (0 .3 0  g . ) ,  m .p . 
136-137° a f t e r  r e c r y s t a l l i s a t io n  from  n -p e n ta n e .
The re a c t io n  between 2 .3 .5 .6- t e t r a c h lo r o - 1 . 4-d io x a n . m .p . 143°, and 
c o n c e n tra te d  s u lp h u r ic  a c id .
To c o n s ta n t ly  s t i r r e d  s u lp h u r ic  a c id  (2 .5  g . )  was added, 
p o r t io n w is e ,  the  te t ra c h lo ro d io x a n  (0 .5  g . )  and the  m ix tu re  s t i r r e d  
u n t i l  the  s o l id  had d is s o lv e d  ( s ix  d a y s ) . The re a c t io n  m ix tu re  was 
then  poured on to  crushed ic e  (10 g . ) .  The s o lu t io n  y ie ld e d  no 
s o l id  p ro d u c t b u t gave an im m ediate p r e c ip i ta t e ,  on tre a tm e n t w ith  
B rady ’ s re a g e n t, o f  g ly o x a l b is -2 ,4 -d in it ro p h e n y lh y d ra z o n e ,  m .p .
31B° (d e co m p .).
A s im i la r  re s u lt ,  was o b ta in e d  when the  re a c t io n  tim e  was 
sho rtened  to  two days, and a ls o  when the  m ix tu re  was g e n t ly  warmed, 
in  these  two cases sm a ll amounts o f  unchanged te t r a c h lo ro d io x a n  were 
is o la te d .
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